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PREFACE 



, • In November 1973^, the Nationaf .Aeronautics and Space, Adndni strati on- 
(NASA) asked the Natiopal Academy of .-EngineelPing* to conduct a summer study 
;of future; applications of space systems, with paifticular emphasis on^pract^ical 
^PP^<Aes, -taking into consideration socioeconomic benefits. NASA asked 
thaOthe ftud>- aJso consider how these applications would influence or he 
influenced-by the Spacfe Shuttle System, the principal space tran^ortation 
system of the'1980's. In December 1973, the Academy agreed to perfo^ .the 
study and assigned tlje task to the Spacfe Applications Boari (SAB)." 

. ; ' In/Xhe*stlraraets of 1967 arid 1968, the National ^Ackdenf Of Sciences had . 
convened a group of eminent scientists and engineers. to determine what research 
and development was necessary to permit the e^loitation ^f useful applications 
of earth-oriented satellites. The SAB concluded that since the NAS stu^y,' 

; operational weather and communi^cations satellites and the 'successful fir3t 

*year of use of the experimental Earth Resources Technology Satellite had demqp- 
strated conclusively a technological capability that could form Woimdation 
for expanding the useful applications of space-derived information and services, 
and that it was now necessary to obtain, from a broad cross-section o.f potential 
users, new ideas ?(id needs that might guide the developmeat . of future space 
systems for practical applications. 

After discussions with NASA and other interested federal agencies, it 
was agreed that a major aim of the. "summer study'' should be to involve, and 
to attempt to understand "the needs of, resource m'anagerS and other <Jecision- 
makers who had ^ yet only considered space systems as experimental rather 
than as useful elements' of major day-to-day operational information and service ' 
systems. Under the general direction ♦of the SAB, then, a representative group 
of users and potential users conducted an intensive two-week study to define . 
user needs that might be met by information or services derived from earth- 
orbiting satellite's. *This work was done in July 1974 at Snowmass, Colorado. 

For the study, nine user-oriemted panels were formed, coii5>rised of present 
or potential public and private u§e3r3, includi,pg businessmen, state and local 
government officials, resource ^managers*, and other decision-makers. A* number 



♦effective July.l,^ 1974, the National Academy ofl Sciences and the National 
Academy of Engineering reorganized. th^ National Research Council into eight 
assemblies and commissions. All National Academy of Engineering program urtits, 
including th^ SAB, became the Assembly of Engineering.- 



of scientists and technologist^ also participated, functioning essentially 
as expert consultants. The assignment* made tp the panels included reviewing 
progress in space applications since the KAS study of 1968* and defining user 
needs potentially capabie o£ being met by space-system applications*. User ' 
special jists, drawn from federal, state, ^nd local' governments- and from bjjsiness 
and ifdustry, were impaneled -in the' following fields: ^ . ^ * 



Panel 1 
^ane^ 2 
an^' 5 



sPanc 
Panel 
Panel 
Panel 
P^neP 
Panel ^ 
Panel 



Weather and' Climate 
Uses of ComiTiuni cations 
Land Use Planning 
' Agriculture, Forest, and Range 
Inland Water Resources 
Extractable Resources 
Envitoitmental Quality 
Marine and MaritiiTie -Uses 
Materials Processing in Space 



'In addition, t<f study the socioeconomic benefits, . the influence of tech- 
nology, and the interface with s^^ace transportation systems, -the following 
panels " (tferaed interactive panels) were convened: ^ * /. 



.Panel 
Panel 
Panel 
Panel 13 
Panel 14 



10 
11 
12 



Institut;ional Arrangements ^ 
Costs' and Benefits 
Space Transportation' 

Inforraatio;n Services and Information Processing 
Technology 



As a basis for their deliberations, the latter groups used .neejds expressed 
by the user panels. K substantial amoilnt of interaction with the user panels 
was designed into the study plan and was found to be both desirable and neces- 
sary. . - • 1 ^ ^ ' • 

The major part of the study was acconjplished by the panels. The function 
of the SAB was to revi'ew the work of ^he panels, to evaluate their findings, 
and tOv derive' from_ their work an integrated set of major .co'nclusions and .Recom- 
mendations. The Board^s findings, which include certain significant 'recommen- 
dations from the panel reports, as well as- more general ones arrived at by 
cCdnsid^ring' the work of the study as a whole, are contained in a report 'pre- 
pared by the Board.** ^ 

It should be emphasi2e4 that the study vas pot designed to m^ke detailed 
assessments of all of the factors which should be considered in establishing 
priorities, in some cases, for example, options other than space systems for 
accomplishing the same objectives may need to be assessed; requirements for 



*Nationar Research Council. Useful Applications of Earth-Oriented Satellites ^ 
^Report of th£ CentrhU Eeviev Committee* National Academy of Sciences, 
•Washington, b.C, 1969. . ^ . 

**Space Applications Board, National Research Council. Practical Applications 
of Space Systens^ National Academy of Sciences, Washington, D.C., 1975. 



institutional or b'rgahizatioilal support 'may, need to be appraised; multiple 
i^es^ of systems may need to be evaluated to achieve the most efficient and 
econblfiii* returns. Tn'-'soB^e 'cases*, analyses of costs and benefits will be f. 
needed. In this connection, specific cpst-benefit studies were not conducted 
as a* part of the two-week •study. Recommendations for certain such analyses.^ 
however, appear in this repojtt and irf the Board's report, *io^ether with recom- 
mendatiqns designed to provide, an improved basis upon which to- make cost-benefit 
assessmeiVts. " ^ . v 

In sum, the study Vas 'designed to^provide an opportunity' for knowledgeable 
and experiehced ^users, expert in their Helds, to express their^eeds for,, 
information services -which might Xor might not) be met by space systems,, 
and to relate. the' pres*ant and potential capabilities of space systems to' their 
needs. The study did npt attempt to examine in detail the scientific, techni- 
cal, or economic bases for the needs expressed by the users. 

'The SAB was impressed hy t}fC^ quality^ of the panels* work and has ask'ed 
that their reports ^be made available as supporting documents for the Board* s 
report. hTiile the Board is in g^eral accorcilwith the panel repoyts, it does, 
.not necess^arily endorse tfxem ,in^very detail.' . ' • * 

The conclusions and recominbtdations :of ,this panel report shouid.be con- 
sidered within the context of the repoi^t prepared by. the Space Applications 
Board. The views presented i^xi the panel report represent th,e general concensus 
of the panel. Some individual members of the panel may not agree with every , 
conclusion or recommencfation contained in the report. 
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INTRODUCTION ^ 



The p3fkn for th^ 1974 Stnmner Study on-Space Applicatit}ns "-spe-cificairy 
- d^ect^ed the participants td seek practical approaches to the future development 
s oft'applicatit>ns of space systems. To asA^'W^h this task, the 'Space Applica- 
; ^ tions Board selected asjmeinj^^s^of .tjie^Paa?!. on Costs and Benefits individuals 
with backgrounds in business, fmai^cial, or professional economics. As a "tfesult * 
of the Panel's frark and its interaction with the other panels, several sugges- . ' 
^ tions hav^^ emerged whidi the 'Panel believes qan contribute -to the development of 
' in5)rdved cost and benefit analyses of space applications. . - ^ 
.^T First is the development of an outline of the key elements that a financial; 
professional wpuld consider in evaluajrijig the space -appiitations^program* These 
suggestions Clow from extensive" experience of Panel members I'n'the evaluation of 
' large investment^ positions in con5)arable*high-ri*k technological projects. This 
pragmatic orientation has been combined with t^e analytical perspective of the 
economists t)n the Panel t^.demonstrate effective means,. of quantifying anticipated^ 
^ but in -man^- cases a^ yet, ill defined, benefits accruing from the 'application of 
space-deriveS information, - - | ' . ' * ^> t • 

Tto-aK«^.ha$ been made b^ the Panel to evaluate the potential •'benefit of' • 
"spin-off:^ technology that can bSrIxpected to result ffom the^space -applications ' 
program. This tj^chnology can.)je an important incr^mentaLb^^ ncA 
considered to te* in. the mainstJream ofi the investment /decision-making ,ptn)cess^ 
operational spjice systems. . ^ ' \ -^^ ... 
• ^ On the cost side lof the equation, the Panel has outlined an approach which 
hopefully^ provides new per^j^ctiyes in.the development of a cost minimization ^ 
philosophy for" thi iii5)lemen tat ion ."phase of the program, 

/ Pricing of both the space transportation ^exvice.aiicf the cy^tput information' 
v(at various possible access poijits*in j^le data stream) is a ^^critically -import i>i]t 
issue of a successful s^ace application effort, The Panel ha^^eveloped a posi- * 
tion which should ^e helj)£ul in the .resolution -Of this basic polijcy issue^ The ^ 
Pane^l believes that tbe organizational arraignments associated Kith the.manage- 
mtot ^f the spac)^ applications program ^dilj have strong bea^fing on the develop- 
^ment of reliable i;o§t and benefit analysis* Strong an* effe^itive leaclership^i) 
the early -development phase orThe program is essejitiad' to gain user qooper.ati^n 
in the structuring of a coordinated program* In the implementation phase,, ' 
effective- cost control is arlso clbsfely t^^d to eff«:tive general management of. 
• the '-^plications program.. . ^ • ' ' ^ » • 

Tffe space applications program,- if fully^implraented in its- presently 
y e^ivisidied fora^ wij^l require a governmental inv.estmeht of roughly $11.3 biilion> 



including 52.6 billion in launch costs. This investment represents a heav)-" com- 
aitment by any standard and clearly supports the-need,for appropriate cost and ♦ 
^benefit an&iysis at variotis ^phases of the proposed aj^ication investments. 

-^t is' important to. recognize that the total investment in the space pro- 
gram through 1991 could likely exceed ^O^billion. Embodied m thrs total 
j^xpendi^uire are broa.d programs designed to meet tjie >bbjectives of the Depaitment- 
^f Defense (DOD) and the scientific community. J^e^Pangl urg.es that eve3:7' 
' ^fort be made to utilize, where pbssible, the capability-built for defense 
^d scientific purposes to reduce the tot investment require^ to implement the 
space ^plications" prograi^s considered in* the present study. 

'a final eleAent in tjie objectives of thp.s Panel is to identify high poten- 
ti^ applications for firtura .ccTst and'benefit anafysis. The Panel -has- chosen 
four major problem areas which have b4en cited as imp;^Ovable through the appli- 
cation of space-deriveti information, namely^ food^sopply and^ dist3?ibution; 
energy sources; mineral reserves; and communication and navigation. As examples 
of th^ application, of co^t and benefit analysis techniques, specific lUustra- 
tioits hHve'Hen de^^eloped in agriculture and maritime traffit. 



THE INVESTMENT DECISION 



PREVIOUS ANALYSES OF SPACE aI>PLICATIONS 



* 

•The Costs tod Benefits Pane.l has reviewecl the RepoH of the Central Review 
Committee. as well as the Panel reports which summarized the 1967-68 summer 
study •*< We are in general agreement with the conclusions and recommendations / 
of 'the Ecbfiomit Analysis Panel.** This group devoted particular attention to 
•9osting problems in conjiinctioii with the User^, oriented panels. It suggested • 
sometuseful general guidelines for future benefit analysis, ■ ' " . * 

* The Panel has had neither the time nor the opportunity to review system- 
atically previouls cost-benefit (and comp&xable economic) studies of potential 
space applications • We have examined saii5)les of such studies which are either 
complete or in draft form. A few members of the^ Panel are very familiar with 
the work done thus far and have participated in some of these studies. 

It is our iii5)ression that the, approaches thus far taken to evaluate the net 
benefits of space applications to the. user activities represented by the user 
oriented panels at the 1974 summer s,tudy have been straightforward and conven- 
tional, relying heavily on the standard concepts 'and. tools of economic analysis. 

hote that this^type of. analysis is not a science but remains a^i art form. 
There have been a ninaber of differences in th^ detailed structure of the models _ 
used. As one would exj>ec^,.-^e less speculative and more straigJitfoiwar<f studies 
deal with, those applications in which "information produced from satellite seitsi^ng 
is Ci<^eTy coii5)arable to information previously available from non-space sources^ 
"In sucB^ cases, one focuses directly on poten.^ial^ cost saVingI possible from the 
greater efficiency of space information gatKgring ^d need pot be concerned with 
the usually more difficult issue of benefilT estimation. (When one sickly com- 
pares costs of producing thtf^same information from alternative source^, he 
implicitly assumes that the existing information system has a positive net, 
benefit. In some instances, since .so much information is provided at no cost to ' 
users by government, it may be desirable to check this ia^suii5)ti\)n.) 



♦National Research Council. ' Useful Applications of Earth-OHented Satellites. 
: 'Natiohki Acadeay of Sciences, Washington, D.C., .1969. 

»*I]ie Economic Analysis Pan^l of the 1967-68 study did no"t provide a discrete 
report; rather its finding? were included in the Report of the Central Revieio- 
Carrndttee and in the Swrmaries of Pmel Sepoi^tSj- pp . 57-69. 
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*As far as the "Panel is anare, there has been to date ho atteii5)t at thv 
kind of comprehensive analysis required before a decision is tal^en to develop 
an operational space information gathe*#S.ng system of the type contemplated by 
some in the earth resources area* ' ^ ^ " 

Legitimate differences of view can and do clearly exist in evaluating a 
given cost-benefit (or other form of economic) 'analysis* In some instajlces an* 
appropriate methodology may have been .em^oye.d, although it is. our general ' ' ^ 
impression that ythis has not been a partmilar issue in ^e case of existing 
space application studies, • ' >^ ' 

A much more , critical' aspect of such ana^ses has to do with assuii5)tions 
made in the study. The assumptions '-are crucialj since in looking ahead at the 
potential benefits of producing a; new kind of information in i\ew»form, the 
analyst must extrapolate. from pa^,,and present experience. One is faced with 
the n^fi4 to consider hov? yery^complex systems Ce,g,, agriculture)* will absdrb 
new injfbfmation and modify behavioy so as to pjro^ce efficiency gains. The 
success with which existing studies have made suov e^ctrapolations and incorpo- 
2;ated institutional' factors is subject to. honest di^greement. Inevitably', a 
great deal of judgmeiVt -is -involved in forward-lookingsstudies in such fields, c 
•The histor)''of hilman ability to predict the economic ahd non-ecb^iomic impact of 
significant innovations suggests that cautibn is necessaxv in undertaking — ^ 
as well as in evaluating — such efforts. For this reason^ we n6te with 
approval m some existing (or in-process]| studies the use of. alternative assump^ 
tions and of .sensitivity analysis (in which the sensitivity the results to . 
t\ie values assumed- for the variables is examined), 

We are aware of one particular source of difficulty in the ^pace applica- - 
tions field: economists have not agreed upon a general method to iSjeasure the 
value of information. Economists have only recently begun to develo^models 
whii:h explicitly treat information as an input to productive activity;\^n a 
meaningful and systematic way. This work is beginning to develop in5)oAant , 
insights and potentially can make a contrib^ipn to evaluating space aj^lafcatiops 
where the major ••product" is information. /Hov^ev^r, as yet, these models have 
not. been developed in a form which permits .direct and straightforward eii5)irical 
application. . Since it has long beeji regarded- as proper for gover^une^lts to rjs^ 
publicly controlled^ resources to produce and dis5eminate*information *at nominal 
or zero prices, the fall costs of informatiort production and utilization are 
not reflected" in market prices.' Thus,* a readilf' available market-val;ue measure 
of benefits expressed in dollar terms is not now available* 

Existing studies demonstrate the problenS of having to infer-- what people 
would pay for information, since an adequate and complete set of data from 
which to extrapolate is lacking. This deficiency should not be interpreted to 
icqply anything regarding the Panel views on appropriate pricing policy for 
. publicly produced information. No criticism is suggested concerning present 
policy which provides much informatibn at no, or nominal, price to private (apd 
other public) users," The point hegre i^ to emphasize the difficulty faced by * ^ 
benefit- estimators in the absence of an existiTig market system for many of the 
types of infortjatioti involved in potential space applications, 

Concemmg the 'Econ^c. Analysis Panel recomendations of the 1967-68 
Summer study, two speclifi<5 comments are in order: | First, certain members of^the 
present Panel dissent fro? the suggestion 'made by ^e 1968 group regarding the 

L > 

, -16 



ERIC 



use of differential discounting rates.* The intent of the 1968 panel was to * 
reflect different degrees of uncertainty regarding cost and benefit esximates, 
both with respect to each other, and at different points in time. Separate 
estimates of the, reliebjLlity attached to estimates 0$ e%6h variable are a better 
way to handle differential unc^ainty (e^gl, by expressing confidence intervals 
around each expected value)/ (Present value estimates have a different purpdse 
and require a single rate to permit comparability across studies. Members of 
the p;reSent Panel who question our predecessors on this point recognize that it 
is a controversial point among economists and that there is no "conventional 
wisdom'* on which to rely.) 

Second, the present Panel recognizes the reasons that the Economic, Analysis 
Panel of the 1967-68 summer study felt it prematW at that time to estimate 
costs interna] to user agencies and private users X The Panel believes, however, 
that it 15 imperative tha^ total systems ^costs be estimated at each stage in a 
program's evolution, including explicitly the three classes of costs, exclude^ in J 
the 1968 study (The classes excluded in 1^68 were uset costs for training and 
changing procedures; uset costs for data analysis and interpretation ; and end 
user costs such 3s cost to a farmer for changing farming mfeSiods^ or machinery.) 

% ■ \ * . • 

REQUI^«NENT$ FOR FOTWRE DECISIONS * . . * 

- The Panel be^lieves its contribution to future cost and' benefit studies- 
lie.s in suggesting analytical approaches wtich more effectively, cope with the 
high level of uncertainty associated Vith many of the proposed^ applications* 
In this context, the Panfel has .attempts to ideiitify key elements arid metho^olo- • 
; gies in private sector analysis of high-^isk technc^ogical ventures with the. 
hope that they will suggest n^w approaches to improved cost -benefit analyses" of 
space systems for practical t^e. 

• - - »* ' 

\ * 

Evaluation (S^'large Investments in New Technology* 

The principal elements {key issues) to be considered in evaiuating^ large 
investments irija new technology are discussed in the paragraphs th^t follow. 

Specific definition of the- technolog>^ advance: At the outset 
it is. important to establish the known and the antiipipated 
.capability ''of information gathering in space. The idegree to ' 
-i^iiich thi« Capability advances the current state-of-ythe-art is 
, 'a particularly important factor. An explicit statement of the 

^ c^ability can proyi4e the basis .for identiifying new applica- 
• tions^ and evaluating the utility of those already esrtablished. 

VSry often -a technologist will mss'application& of high 
potential vhicH are reco^ized whe^ A, prospective user develops * * 
an undejr^tandirig of the capability. . " ' v . { 



*Se? Si4j7jmaries of Tone I Reports', p. 68*; ' ^ 



Market potential: It is vital that the total potential market 
(end-user customer base) be built up from the application of the 
. technqlogy to specific end-use problems. Is»the ^plication 
directed at major problems and needs? This information can only 
-be obtained after extensive interaction between the expected user ^ 
and the provider of the product or service. 

Market structure: Equally important is a clear understanding of • 
how decisions ^re currently oade in the potential market be^ng 
ponsidered/ How many diffei:ent groups have^o be informed or 
educated in order to gain acceptance of new technologjy? 

.Pricing: The best test ofx the utility of a new product or 
service is determination of^.the price tKat; the customer would be 
willing to pay to obtain it. Pricing estinjates should not be ^ 
made in a vacuum, bu^ rather iny^arefully designed fcommunication 
with the expected ilser. ' / . , . * 

.'^ Markfting overview: All o^tke prior do^cussion of market 

potential is- fpcused cm assessing the rial -market viiich might 
be avaiTable- to new technolo©^. Kfarket assessment is clearly a^ 
cri'tical element in th/ process o| establishing benefits for a 
Space application program. ICommercial'marketijQg research is by 
> " no means an exact science, but. it has been developed to' a highly 
iiseful art. Business spends lafge sums in attempting, to maintain. 
^ . a- clear focus on user needs \o sharpen the focus, new technology 
/• ' introductions. These^data and methodology are equally important 
to government .plaimers. - " 

Investmeht: In^evaluating d hew technology — especially one ^hat^ 
} is capital intensive*-^ it is important to try to establish' the, . 

total investment required to cpmmercialize^nthe technology. In* 
^ addition to becoming the denomm^tcJlr in the-^etum on investprent* 

calculation, ttie total^ investment figure raSes '^another que^stion. 
la^the private sector, one asks "Is the total program finariceable?" 
The same question ^plaes in the -govemmeat except pxat effort 
giust* be pade to.insure continuity of funding, with the -assuE5)tion 
' that the investofent objectives will be-.met* It is very injortant 
to recognize tttat private con5)anies will require assiifance of* 
continuity of/data or services from space systems* before they will 
be willing^ t<( make .major -commitments to their utilization. , 
Another con/idera|ion of investment \s how it will be staged. How 
mudi' is retired' at. the. outset? These factprs are related to the 
d'eterminat/ion of the risk associated with the investment^ The 
size of the investment shouW be the major determinant of the level 
of analysis 'required to stipport the .investment decision for each 
of th^ tnree major stages in^'the evolution of space systems as 
identified by^the Panel on Institutional Arrangements,* that is. 



♦Panel: on Institutional Arrangements. Practical Applications of Space Syetms^, 
Si^pporting Paper 10: Report of the Pojiiel on Iyi3tit\itional Arrangenents. Repott 
to the Space Applications Board, National Research* Council. Jtetional Academy pf 
Sciences, Washington, D.C., July, 1975. ^ I 
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the research and development, the transitional, aj^d the operational 
stages. This ^ssue and its applicability' to the space applications 
program are discussed in more detail subsequently. 

Operating costs and profit: The previous marketing analysis 
permits quantification of the anticipated revenue stream from 
.forecasts of demand and price. The profit in the private sector 
or the 5Let economise benefit in the public sector is obviously 
the"rj3sidual after subtracting the Operating cost for the period' 
being consitiered. The entire issue of cost -estimating and control 
is vital to successful realization of anticipated benefit and will 
be discu?sed separately. 

• Return on investment : The methodology of calculating a tetum ' 
on investment (ROI) has teen well documented in the literature. 

^ Because of . the long time span of *thQ space "applications program 
'it 'is essential that probabilistic estimates of future revenue 
and expenditures be^ employed^-end 'that they be discounted back to * 
the'present. this concept is widely employed in government and * 
the Panel feels comfortable with the 10-percent discount r^te 
currently being onpjoyed by NASA. It is important to recognize 

'that the utility of ROI analysis is nolf that^it yields an accurate 
answer, buf rather that the ROI model permits the decisidn-maker 
to evaluate the effects of variations in the key elements of" the 

^analysis and to build confidence that, the program has a reasonable 
probabi;lity of competing favorably with other potential u^es for 
the same ftinds. " * • " • 

Break-even analysis: Independent of the ROl' calculation, it is 
important to- make an analysis of alternative cost and revenue ^ 
levels and of the effect of delays in the schedule for the intro-^/ • 
duction of the product on "the break-even point for the project, 
Figure I^rese^lts annualized cost ai|d benefit (revenue) estimates 
ro illxisrrate tTie life c>xie trend' of the Tcey elements. Break- 
even analysis is h useful tool for the decision-maker to evaluate 
the d/namids of the key ingredients in the invftstmeht decision. 

Portfolio analysis: Since the space applications program in 
the research and development (R§D) ph^e is built up from a 
series of experimental applications utilizing vSiat in many ' 
cases will be common equipment^and investment, it might be use- 
ful to construct the ROI evaluation for the R§D phase on a 
total space applicatiXDns portfolio ♦ Because of the inherent 
^uncertainty in the individual aiq)lications programs, the error 
"in the total analysis can bi^ reduced by calculating an aggregate 
return on tte total portfolio. In a simplified fashion, the 
format of such an analysis is as illustrated in Figure II, with 
ROI being calculated by taking benefits less operating costs 
'divided by investment. 
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In additidjj to an' improved ROI, calculation, this approach 
graphically /demonstrates the economics obtained by getting Maxi- 
mum jorint use of the investments which are common to "several 
applications programs. This approach also. has. the benefit of - 
kee]t>ing majjageroent focus on the total program* and provides an 
incentive to follow the axiom of^'the business coiQmunity to "turn 
off losers and double up on winners." 

^ Elements in a Phased* Investi^ent Analysis ' I . ' 

The various informational elements described above come into play at three 
'investment decision f)oints that occur at the begimVing •of the phases in the 
evolution of a sjface system, that is, , 

, ' • • * * ' • ' 

The research and development phase 

The transitional phase y.*\ v ' » ^ ' 

'The operational phase. ^' 

At each of these poiats information will be gathered and analyzed in ordfer to 
determine whether a project^shbuld continue ijito its next phase and, if so, the 
amount of additional investment required^see figure III.) Of course, accost- 
benefit analysis must bje viewed as a proces.s rather than the prpducer of ^a 
single point estimate for a '"go/no-go" decision. As will be described subsequent 
ly, the method of analysis embodied in each cost-benefit evaluation varies acros 
th^ three phases in the development of a space. system. It is very important that 
before embarking on arty investmeitt-deoision process all parties (e^g..y NASA^ 
Office of Management cpzd Budget and user agencies) to the decision m^t agree on 
the criteria to be used. If this^ agreement^;^^ not reached at an early stage it 
must "be expected that proposed^projects will be^subject to misdire.cted studies 
and delays which add extra costs and may lose benefits to potential end usei^. 
Eurthermore, ^he objectives and alternative solutions of any proje.ct to be^ evalii- 
-ated must be clearly defined. 

Research and Development Phase : Prior to the *R§D phase,, a subjective 
investment jdecision must be made which will be based on a relatively small^ amount 
of Information.. Every effort should be made to establish a broad view of the 
economic aspects of /the -potential market to be served. In addition, an attempt 
shou^^d be made^ to gain a clear understanding of that specific market, for exaisrole 
the 'potential users, utility Pf the product, current and potential competitions 
and other qualitative factors. . - - • , » 

The. requirement at this eaVly stage is primarily to establish .the logic of 
the prpppsed applications "and the specific customer base to ^ served. Quantifi- 
cation is {iiffidult andNtJbus credibly numbers are. very difficult toSarrive at 
for many applications. Nevertheless, the^ are analytical tools available to 
establish a broad range tf values for the anticipated benefit. These tools 
should be employed. It is important that such information be developed and 
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• « V . . ■ . • • . , . . 

utvlized at this point to serve & a baseline for future evaluation of the proj-> 
ect and to help evaluate it^n terms of others which are competing with-it for. 
R5D funds. In the c^s^ of promising ideas where little or no inforniatjion Can. 
be developed ^^t this stage, 'it is recommended that NASA have, a srnaU pool of 
dijcretionary funds to finance a few ^projects each year. Commercial R§D labs 
have^suchU pool of*"blue sky** fiinds. ' * - " 7 

. ' ^ ; • - . / 

Transitional Phase ; The investment decision point ^lilch takfes place after / 
^he MD phase and before the implementation of tlie transitional Jt^se requires * 
a more complete analysis of information. At this goint, a more* to,ri9ar and- 
detailed re-evaluation must be made of jthe economics of the projfect and its 
•specific market to include an updating pf the initial sjurveys mlde in these aree 
S^ze Qf '^the market, competitive technology, user needs and preferences, ^ and suc^ 
must all be^ redetermined. At thiT'junctu^g, as mv'ch meaningful ilnformation as ./ 
possible should be obtained from users because the planning anfi Execution of tHe 
transitional phase'^will b^ best achieved when ^here is"" a largef amount of this 
kin^ of ilTput. . ' • * ^ ^ * - 

Concurrently, a study should be made of the potential ^users opera,tion4l/ 
and management, orgajji-zations — in'o^der to insure that -thp propos^ed applicatKins 
are compatible with anticipated n^eeds and thus provide an opportunity .fo^ maximum 
learning by. users during the^transitional phase. If a substantial amount 

" learning takes place ir^ this phase,y4iser- informational inpiJjf wiU be" more accu- 
rate and s^rve as a fiiiner b^s^is £orJ evaluation^ of th^^plroject at its next 
decision point. .9^^ f * • f ^ ' ' 

At/tbis point, an attjempt should also be m^de to ascertain the ainount of 
potential investment which might be required thrOHgliout the remaijixng portiori^ofT^ 
the project development ajid, .in" addition, an estimate 'made of the aggTCgate . » 

^benefit which would accrue to. the fisers. Expected value .techniques may be 
utilized to better determine/the appropriate cost and benefit numbers'. ^ From 
these numbers a break-even ^alysis can be formulated. * • *o 

Operational Phase: * At the t.hird investment decision point -4 priois to the 
operational phase of a project the largest and most detailedjamdunt of infor- 
mation jnust be studied and evaluated. As is shqwn.in fi^irre^Ja, it. is^Vt this- : 
point that a decision must.be made with regard to the expenditure of. the greate^""^ 
amounts. of investJnent funds, the previous economic and ii\arket studies must be 
refined, and updated so as t9^nclude both information, generated from the previous^ 
phases, a^d new input from external sources. *^An overview approach sho\ild be 
taken by the group cbnttplling the project and its various usei; applications .in 
order to determine possible multi-use'r cost savings , through the use of joint! • 
programs; A complete cgst/benefit study should be made which^.v^rill include 
detailed retui^ on investment and break-even calculations as described earlier. 

In addition to evaluation at each of the investment-decision points 
described previously, projects sliould be evaluated on a continuing basis using 
information developed in the project itself a^ well as that obtained frpm users 
and. generated at tTie^egii^ning of each.phasj^' ^This continuous monitoring of 
information is especially in^ortant 'as a project profgres-ses from the- trans itiiuial/^ 
to the operational phase. The constant flow of information and its^ interpreta- 
tion will ena'ble-^all of those involved to adjust thei-t' methods of evaluation 
>.and hopefully will result in an accurate and timely^determination of the value 

• • • 11 / 



of pro ject ^at 9 point prvor to the exppnditure of th^ largest 'amount of funds , 
Jhe flow iOf .mfoilliation will also. help to assure user participation in a project 
on a^ continuing ba^is, ' , a- . . # - 
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. ' pOST AND PRICING ELEMENTS , 

^ ' Af-fer studying the cost methodology, used in thte 1968 summer s.tudy, the \ 
;Panel agrei^d that suggestions^ of the 196?^study were^till applicable in a broad 
sense, vith a ifew modif)sing consid6ration|^l)asecl on]" the current situation. .The 
major time-cycle categories for .cost segregation weaje described then -as^: 
(1) applied research anri'^technolbgy,, engineering and testing, (2) initial* proto- 
type development (-equivalent to industrial "pilot plant")-, and (3) full opera- 
^tional statusjK These correspond almost exactly to -th^ phases designated in the ' 
"^1974 study as research and 'development , transitional, and operational/ • * 

^ The costs for each category shquld-be considered s;eparately 'with full and^ 
detailed cost justification required at the beginning of each.p^^e., -The* 
functional categories are best divided into space systems and data processing, 
distribution^ and user conversion. Typical costs under these headings are as 
•follows; * , ' • ^ 

• ; ' • • . • ■ • 

, Space system costs: • • ' 

^ k ' ' ^ ' 

Spaceborne hardware (sensors, data tr^smi^t^ers, attitude 
controls power systejns, etc.) 

Launch costs -to orbit (launch vehicle costs, launch facility* 
costs, /etc.) 

• Ground support systems (monitor functibns, command and con- 
trol of satellite, etc.) 

• • • " , * 

^ Management and administration of space systems :^ ^ 

Data^ processing, distributions and, user conversi^n^-cos-ts-t— \, 

•Costs of ground stations to Accept spacecraft information, 
(imagery and the like) in raw form 

Costs of equipment to. process and organi^ze the coUected data . 
into a format suitable to the needs of users* 'Z^.^'' 



It should be noted that depending, on the capabilities of the user and the data 
processing facilities he has available, th^ user may wish access to the .data at* 
any one of several stages in processing of the data; this is somet^imes referred 
to as "multi-tiered. access," , • ^ ■ « * 
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Software costs f 01/ development of algorithms needed to process 
raw data (spectral analysis, changd^ detection, 'characteristic' 
signature extraction-, image scaling, etc.). ' 

Costs of c^nvertiJig the user 's-^exis ting data handling process 
to use new information- ^ ' . . " 

Management an^ administration of the ground system 



, These categbrres for breakdown of total systems cost should be used for spaqe 
applications analysis aifd 'pToj'ects. , - - ' - 

Cost es^^im'ating isv»a %iriy w6ll developed discipline. IWieri a new ptoject 
is not too ^ically different from previous projects,*^ rather accurate estimates 
are possible. In ^i^eral, the^best estimates are those based on pasfhistory 
with gleaming curves applied where appropria;te. "^k note of^^^ramiTig, however, is' 
appropriate today. Both the Department^ of •Defense and NASA have fplt; the ' 
pressure of budget constraints iji tlje last several years and have passed these 
pressures on to the- industrial contractors who serve 'theto; ^uch commercial 
equipment 'design concepts as "design-to-cMt" and "tost-.targeting" are starting 
to be extensively used in space* and military hard^^are. ' Potential deductions in 

'cost of 30 -percent or greater are not un\i8ual with this "new'Mnethodology. Some 
intepigent accounting of the effect of these conc^ts has to be/fact'bred into ^ 

'the cpst analyses which .are u/ed to assist decision-making. JfH^ effects of this 
approach can b? seen, ^ for exam^e, j.n the diffei^ence between the currently r 
projected costs of the space shuttle and the originally projec^^ed designs and 
costs. Since the xatio of costs ^o benefits can be improved markedly by lower-' 

Virig costs^ the liext section covers, a few of the Panel's thoughts on -cost ' 
ndpimizTation. * ' ' , 

Cost Minimi zation-* ^ ■ • ' : . ' . 

Minimizing the posts tot space system hardijLa^6,^d,so3^^ jmist'be a key 
<)bjective for ail the gS^t^s inVolveid in thes^ Y^g?^e in any .complicated 
system, thfe decisions WjyLch havfe* the^jnost impact on' tdt;ai cost are .^Ke earliest 
decisions. As the system e^yolution? progresses, the options for change to lower- 
most altemativej? are decreased as the cb^s involved to make the change often 
canjipl out the savings* System analysis, preliminary^^design, ^aftd cost trade- . 
off analyses should, therefore, be done in detail and then reiterated, seVeral 
times during the system' conceptual stage. Competing studies w^th cost as a 
yardstick can be very useful at t^s stage. Maximum use needs tto be made of ' 
already oifisting designs. One qf the moft^ common mistakes in developing a nev 
system is to wake the whole -thigg aew even* though only a portion really nee<is to 
be new. Both program riik and cost ate a direct function of how many new "fields 
one tries to /'{^low" simuljtaneousl^. Co;isiderable management discipline is 
required to control this' design process/, but the savings are well worth the\ *. 
effort. It is questionable in the minds of the members of tgis /Panel whether 
NASA has practiced this dis'cipline'as much as.it could have, pafrticulayly with 
regard to th6 use of hardware* developed by the DOD* The syndr^Ome referred to 
as "NIH" (not invented here) exists in both ox^gapizations. The.shut^Jtle design 
philosophy removes one of the main excuses "that has been used' for unneedejl 
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i?^design in the past- --^ "namely,. 'Mt woi^'t fit'^ in the spacecraft.* The Pane-l 
ibell^ves that NASA management should (Ji reft particul^j^ attention/to' optiudzin^ 
• this; advantage, and f dree, its technical group^.to abandon '^changer for changers 

sake/' • • • ,^ Y \ J-^ 

f Of course, modular desi^ approaches^ using much standardization as.-* 
f-easible, shoilld be utilized. ^NASA has focused on this approach in most 6i its 
scientific and applications satellites in^^t^f^^ast few years with good^ tesAXts. 
Various branches of DOD 'also have aggressive progr.arns> for "buildSa^ bib<^| f / 
s'tandardization,' and, NASA .engineers s^oujd Iceep abreast of what is avaijlbXe 
from DOD and* should ifeaximize their use of D0D-;4evelope'4>hardwafe systems. ^ 
addition to this emphasis on comrnqn use of Jjardware, s^tandardizati^pn 
between Aser requirements sHould be' pushed. Such standardization n^t only ♦ S 
would bting.ecfonomi^s of multipurpoafe payio^d designs, b.ut also^woulc^siignificant 
ly i^ower software and da,ta handling -costs. ,v ^ \^ , . " ^ • > ' 

Several new factors in payload cost have be^en xntlroduce^ with' the advent of 
.the shuttle program, 'The lessening of constraints on volume, weight, and po^|r 
consujnption and the option of having a person help zir^pf oyx the* experiments V 
.should make possible large ^reductions in 'experimental pay load ^>costs." Thes« J 
savings have the advantage of lightening tTie inil;^al' (front-end) costs on' spec 
lative .experimental programs- and deferring the costs p£ a fin^l operational' syst 
design^ until basic concepts are p2:oven, - There is not only a direct cost ^ving 
herfe*, but oerhaps a more subrtle point is that programs whicli do ^t requir^such 
/a large^investmetnt to check out feasibility will be easier to termin/ite if \he' 
Vesults are poor or marginal. , ^- ^ ^ 

Any discussion on cost minimization wo<ild.i>e incomplete witliout covering \ 
two of the most insidious cost growth factors,, inf la'tion ^and program deferrals 
C'stxetch-outs"), both of wKich are generally beyond the' cpntrol, of a progi^^' 
manage];. Labor cost estimates are generated originally jLn inan-hdurs and theji^ 
converted to dollars ^at current or projected man-hour costs. This proce<lure 
puts a squeeze on fixed dollar allotment programs^ when the inflation rate 
exceed^, prediction. , Its effects^^ve bee^usedjmfairly to criticize progxaa.. ^ 
^o^r^mm$ and unrealized cost obje^ctives.. ^ijai today's ^xce^'^ingJ^ Jiigh^ -^bi^ T 
. unpredictab.iV. inflation rate agjgravatjUig.thVsiti^^tioni^MSA uagbt vbe, weii 
advised tp keep batS .program co^^fedictions and program execution^ costs* in 
, equivalent man-hours both for^k'e^ng' track pf and displaying t6 others how 
well they did in estimating, and controlling labor' expenditures. 

With the combinatipn of budget , pressures and infl^ttiori continuously lower* 
ing t^ man-hours per year til at NASA can finance, there. l>as« been -a resulting 
tendentiy to stretcji'out programs^ This delay noj only •asgi?&yates 'the "§ppareat'^ 
'cost -problem, (in dollars) by pushing work off into higher\iifi'i^ation years, but.\ 
it causes a veiy real (and- significant) effect on total jnan-hours required 
particularly on programs that are already well under way a^d are based on e . ^ 
' shorter, more, optimum -Schedule, the benefits that NASA spadte applications, proj- 
ects offer can perhaps 6e deferred, but inefficiencies caused by stretch-out ^ 
are *a waste of pUblif funds. Hardware programs should pot be started unless - 
there is full deter/nination and long term fund commitment .tp carry them tht^glt 
oh the original schedule. A smaller nuftiber of total programs may be called *• 
for. ^ * ''^ 0. ' ■ > ' . " ' 



^ pricing . >^ ^ ^ . ^ ' 

I^ may l?e expected that theye .will continue to be a need for NASA to "sell" 
hardware development and spacecraft .launching se'rvicas to other agencies and • 
|>rivate |)idustr?. At4ention to a rational pricing/p^iicy is therefore needed, 
i-n the past, ^yicing policy has served only to reimburse costs incurred on 
a partdcular^project^or launch. The price was set e<^ai^o incremental costs 
irtcurfSd; no''ad4itional fcharge was ^levied foi'' "amortization" of previously 
expended R§D funds. Since NASA's mission/is to provide R§D which will benefit' 
the vhoie nat^^n and since the- fruits ^f this iresearch are equally available 
• ^0 all, t<here spems to* be no i^tidnale^to call fox any recove3?y of such "sunk 
investment." - The argument jnight be made that such investment Recovery would be 
'desirable tp- help finance^ further R§D, ifut this concept is not consonant with. 
NASALS role'.. Further, oiice an R§D investment "h^ been spent, the' greatest eco- 
nomic good fsf-om^e results occurs when ^everyone has use of those results at 
incremental costfc caused by hii u^e of tWe service,. Typically, facility tosts 
^*-hicR vajy. with the volume of wor'k have been included as incremental costs' at 
some 'equitable amortizati6n or lease- rate. ThQ Panel has no dis*^eement with 
this .previous NASA policy. 

The shuttl^r wi^th its large multiple payload capability, op6ns up a whole 
new clais of pricing. problems, however, which needs to be addressed. Since 
-several groups may be sharii>g the costs of a jingle launch, an equitable multi- 
terra formula needs to b^e derived. Ideally, the terms in this pricing formula^ 
should track .as closely as -possible the incremental costs incurred for that 
factor. Xhrerall,' the pricing shcJlild he structured so as* to^ encourage, as nearly 
as practicJ^ a fail^payload for. each shuttle launch. ^ 

Shuttle pricing policy could hav^ purposeful or inadvertent Results such 
as lacquirihg nev qistomers^ ^'limiting number of customers, giving .prefBrisnce to 
'certain classes of Customers^ "squeezing , out" coii5)etitive launch systems, ^tc. 
The pricings policy selected to accomplish NASA*s overall objectives may be one 
of the most crucial decisions on the shuttle. The wrong pricing policy could * 
well ruin the whole system. A careful study of, and comparison with, the rafl- 
road pricing' system may be in order as*a prime example of how not to proceed*. 
Other considerations are*^ • *- • . 

The policy should 'be structured to avoid reqairing NASA to 
provide l^ch services indefinitely for operatjional ^pace 
' • systems', ' , ' 

The system should not significantly interfere with the free 
market interplay of competitive f9rces " ... v 

The economies of scale (learning curve)' that give lower costs * 
* • in the future should ^e shared with the shuttle customers - 

There should be some reasonable flexibility for change in policy * 
5 ^ as.morer operating eJ^^rience is gained. 

, ^ ^* < - ^ • - 

v%^- NASA may choose to underwrite some launch costs on. early shuttle flights 
to attract early customers and to offset somewhat the risks inherent in •arly 
flights of a new vehicle/ Thatc is, the underwriting may appear as a 
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development cost. It should be clearly identified as such and not hidden in 
some way as ^ ndsl^ad the shuttle user as to his eventual operational costs ^ 

Similar questions arise in considerfhg the price placed on sale of the 
data which emanate from all the earth resources satellites/ Clearly these data 
should be made available to ail and in any foxk readily available from the data 
chain (i.e., from»the telemetered radio frequency signals to data in dig'ital 
form, to partially processed data, to fully processed data) in order to give 
maximum flexibility and hence maximum utility to potential users. Pricing of 
these alternatives requires careful study, however. Prices which are'b^dsed 
on incremental costs for providing such "data taps" should be considered prijne 
candidates. There will be arguments that the most economy will be realized from 
©ne massive digital data procfessor for all users and hence only fully processed 
'difta should Be sold,^ While this may eventually prove to be true, it should be 
tested in the marketplace first by letting all varieties of data reduction exist. 
Certainly the eventual economy of such data handling will depend on the develop- 
ment of more clever and more efficient software aimed specifically at a certaiin 
set of user, needs. Experience. suggests that small, young, entrepreneural com- 
panies will* do tl|is development best, particularly in the early stages. Pricing 
^policy might appropriately be set to encourage such companies but in no case 
^should it be shaped to discriminate against them. * • * 
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BENEPri E?TIMATIOfJ 



BACKGROUND 

' ( . . * 

Defi^ning and measuring benefits is the single most difficult challenge in 
assessing the merit" of progrfiit^-of the sort under review by the .user-oriented 
panels of the 1974 Space Applications Study. In evaluating particular ^axacter- 
istics of >space applications being considered by the user-oriented panels, we 
'note tHat the Ihost important type of* output, insofar as benefits are concerned, 
is ir.foYmatioK. The central point to be made about the benefits produced by 
information is that they arise if, and only if, the information'^changes the eco- 
nomic behavior oi one or more individuals ©reorganizations. Infoimation has nb 
economic value unless- it is used aBd positive change occurs. 

^ Thus, we must go through an often complex chain beginning with data acquired" 
by a space sensor to reach a point where we can atten^pt to estimate a benefit 
appropriately attributed to tl>6 acquisition of data. That end point will find 
some economic "actar" behaving !]K>re* effectively because of the space-derived 
information made available to him." . 

' ESTIMATION ELEMENTS • 

There are usually three possible approaches to the specific evaluation of' 
benefits from federal goverriment programs. These are: 

1. Benefits in terms of cost savings (equal capability analyses), 
where 'the capability of each alterative is similar, and the , 
goal is nat questibned. ^ . ^ ' 

2. Equal l>udget' analysis, where each of the alternatives. considered ^ 
is allowed to spend, in the operational phase, the same budget. 
Thus, in addition to the cost savings ^or the same service level, 

, a value (benefit) has to be measured for the added service of tiie 
same- kind made possible by lower operating -cost systems. 

^ 3. -New capability benefits, where the sen^ice provi'ded by the new - 
systems is different in kind from* anything now provided, such 
that; in principle, analyses of type (i)" or type (2) cannot be 

^ performed. ' ' * 

■ ■ • * 
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Figures IV, and V illustrate the scope of each tyjie of analysis. Each ^ 
analysis has to be goal (operations) oriented. Each type of analysis may be 
applicable at different phases of the investment process o^for a different type 
of application (investneDt) . . 

Also — and most iii5}ortant in. any one of the above types of benefit analy 
ses, the go^ls and the capabilities required op promised need clear, precise 
definition, since these will form the ])asis for any reliable investmen|: analysis, 
whether public or^private. Often, p^ticularly in the eaVly stages, the "benefit 
of benefit .analyses may be precisely to force the decision-®aker to a clear 
dlefinition of capabilities needed. * . 

Finally, if alternatives exist to achieving the same or similar objectives, 
these need equally detailed definition and analysis. ^ 

SELECriNG THE PWJPER METHOD OF ANALYSIS ^ ' ^ • 

As indicated previously, a benefit accrues only when positive change is 
induced by the utilization* of the information from space, tfe must then ask a 
crucial qu^s€ijDn, i.e., '^Who can benefit from this 'hew information source?" ^ . 

^The ariswer anust be framed in specific operational terms, that is, specific 
end users, or specific end use problems, or specific new opportunities made 
possible by the availability of this new information source. ^ 

The benefit estimation process then becomes one of estimating the change 
made possible by these data. Schonatically , the change can be repr^sent^ as: 



SPACE _ 
DATA ^ 



The analysis required to estimate the value of this information stream 
focusej. on four Key questidhs: , 

How "large" is -the current system? 

How fist would it grow without spacfe data? 

How fast can it grow with 'space data? - 

Are non-growth factors, such as lower cost of information or! 
improved distribution, significant? * 

The last question suggests an important element of the analysis. The* 
investigator should seek to identify, the total gain possibj^e from the use of new 
infojrmation. At the outsqt no attenqpt should be made to reduce this theoretical 
potential benefit by virtue of any organizational constraints (user or provider). 



GAPA6ILITY 



(EQUAL 

CAPABILITY) '"o 



NEW TECHNOLOGY 



OLD TECHNdLOGY 




OPERATJONS BUDGETS 



(EQUAL BUDGED 

FipURE IV ^ SCOPE dp BENEPITS WITHIN COST-ORIENTED ANALYSES 



CAPABILITIES 




BENEFITS AND 
OPERATIONS COSTS 



FIGURE V SCOPE OF COST-BENEFIT ANALYSES OF ENTIRELY NEW" CAPABILITIES 
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The first question (How large is the current systen?) is a crucial detemi- 
nant in the choice of analytical methodolog)' required to quanti^' the benefit. 
In simplified terns, ^t is useful to detemine whether the bejiefit accrues in 
a single discrere sector or whether it is felt across nultiple sectors of the 
national or world ^con^Hsy. ,k4 believe that the analytical tools needed to eralu^ 
kte benefits are diff^ent for each area and will discuss them below. 

r 

y ^ SINGLE SECTOR ANALYSIS 

in reviewing the space applications being considered by other panels m the 
present study, the foi rowing ones appear to be exanples of those having their 
greatest inpact on a single, or -at least aMiinited nunber of discrete ''end user" 

^^ectcrs: 

/ ■ • ' * . ■ ^ 

Extractive resource exploration 
NSarine navigation 

Cosunercial/coinnunication ' 
Biological processing in space ^ 

In each of these ^pli>cati6ns, it is possible to quajiti% the expected 
benefits of new information via an aggregate nacroeccTnociic analysis, that is, 
a sector-specific econometric niodel to deiemine the value of R&D expenditures 
on the <osnunication sector. This '^top-dowTi^' analysis can provide a useful 
benefit estimate. ^ 

. On the other hand, when^the new information affects a limited user, base,' , 
it is possible to employ conventional industrial market research methods to 
establish the current size and growth rates, for the user sector being evaluated. 

For example, in the case of dil exploration, industry*, dataware available 
to identify the total current expenditure on exjJloration. Tne first question 
above concerns the size of the current system,. The i^idust^^ couW also supply 
data which would roughly establish the rate of growth of the current' system, 
namely, the value of new resources ex|>ected to be discovered as a consequence of 
planned future exploration expenditure. This information yields the growth rate 
without space data. % ' • 

The growth rate with better ijiformation from space can only be developed 
through detailed interaction of the appropriate space techiiologists with experi- 
"enced petroleum geologists and petrojedm economists. Their task would be to 
establish the value of incremental new reserves whidi could "be 'found, in the 
same time period/ as. a consequence of improved drill site selection using infor- 
mation from space. ^ 

In the initial stage of formulating a benefit estimate in a particular 
application program, the focus of the analysis should be on identifying the. 
maximum gain possible. Consequently, there mu§t be an effort .to creatively 
evaluate the potenti^ utility of this new iafoimaUon. As data are provided from 
the 'Space system and ex'periente is gained in their use, the initial* benefit 
estimates can be refine^ 

32 . 
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The sa^'^ty-pe of analysis can be applied to other natural resources subject 
to iryroved exploration as a result of spafe-ggnerated geological data. The 
total benefits can then be aggregated and ceasured against the cost of providing 
this infornation. 



MULTIPLE SECTOR ANALYSIS 

Khile.the following space applications could have an impact on a single ^ ^• 
usei^ sector, they also are examples of those which can affect more than one dis- 
crete sectof:-^ 

Weather and climate ^ ♦ - ' 

Environmental quality ^ ^ 

Inland^ water resources 

i 

^ Agriculture 

» 

7 Land use planning . • 

When applications have potential for providing benefits to a nunfcer of 
different usei^ or sectors in the economy, it is more difficult to quantify the 
aggregate Magnitude of the benefits. • . ' , 

In the case of benefits derived from public services and. t)rovided to multi- 
users at no charge, or where charges have little or no relationship to the 
amount of the service consumed by the'various users, one can atter:5)t to evaluate 
the btoefit on the basis of an estimate 'of a "shadow" price for the service in 
question: "What would people pay if such a service w^re sold?" 

This is. more readily done where goods or services comparable' to those pro- 
vided free or at nominal price by government are also sold by private producers 
(for exdxs^le, recreation services such as caE5)ing facilities). Estimates of the 
benefits provided^jTtTe J^ational Park and Forest Services have- been derived, 
based in part oi/the prices people are .willing to pay for comparable comiaercial 
facilities.* f - \ ^ 

hliera there are no comparabljb services and the users^are not easily identi- 
fiable, as is the case with applications which fcould lessen traffic congestion 
,or control pollution, then one mist look at the extent to which services pro- 
vided by spsCte systems are or could be directly responsible for a posS^tive change 
in the degree or severity of the conditibn. When the degree of ^ii5)rovement has 
been assessed^ it is then necessary to identic the users Vho benefit from the 
change. In many cases, these benefits may have a broad socioeconomic impact and 
therefore they may not be easily quantifiable. , In this event subjective esti- . 
mates as to their ultimate value will have to be -made. 

•33 
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ORGANIZATION AND MANAGB^ENT* 
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Inherent in any investment study is a review of the organizational structure 
'and jnanagenent concept, intended to support; that investment, to see that it 
is adequate to generate *the proposed return* 



The Existing Structure 



As to space^ applications, it may be expected that NASA will operate the 
space shuttle vehicle and services and that it will continue to operate those 
expendable launch vehicles which are programmed into the mid-1980's and which^^ 
could continue to be utilized should economy of launch or timing of mission 
dictate. It is assumed that NASA will operate the, experimental satellites. 
Beyond these points, management and institutional responsibilities for space 
systems intended for practicai uses are not yet cle^. 



The Opportunity ' . • 

# 

There is at. present no designated organizational entity responsible for 
coordinating, integrating, implementing, and managing the multifaceted potential 
space systems. 

These potential systems include satellites and. ground systems to acquire, 
interpret, and transmit data to large grot5)S of potential users, A one-for-one 
relationship between the us&c and the data system does not exist in. most cases<. 
To meet user needs, sensors must be developed; sensors and support system^ must 
be combined into experimental hardware; the hardware must be integrated inlo a 
total mission plan involving mqltipurpose shuttle missions and/or expendable 
launch vehicles; ground systems must be developed to receive the data and to 
translate it into the user required format; transitional pro-ams (to demonstrate 
actual op^eration of the system) and operational systems must be4rn5)lemented. 

These activities require an orgtmization structure with'a hi^ degree of . 
sensitivity to usej needs^ an ability to develop effective user working gr6iq)S^ 
and a cap^ility to establish policy, particularly, as to cost^ price, and fund- 
ing requirements. ' 

The Function » ' y^"*^ 

The function to be performed may he described as that of a "general 'manager" 
of space systems for practical applications. The general manager would coordinate 
the user requirements, market the ^technological capability, conduct the necessax}' 
market research to expand the user market, and manage the development of neces- 
sary -ec^omic information* to satisfy the investors. 



♦See also. Report of the Panel on Institutional ArrangementSj Supporting Paper 10, 
PraoHcal Applicatims of Space Systems. Report of the Panel on Institutional 

■ Arrangenents .to the Space Applications Board, National. ResearcH Council. National 
Acaden>' of Sciences, Washington, D.C., 1975. 
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The Investor* \ 

•) 

^ At this time, the federal Office of .Management and Budget, perhaps 
because of impending fiscal constraints and perhaps also sensing a p}^amiding of 
uncoordinated requests 'for space applications funding, has directed that all new 

, programs for fiscal year 1976 in the* space applications area be subjected to 
cost-benefit (investment) analysis. It is the Panel's opiTvion that this request 
acDVzot be effeati:>ely responded to in the present uncoordinated structure. 
There is need to d^sign§te a "general manager" responsible for satisfying this ' 

^ requirement by effective iii5)l«nent^tion through ueer working groups, including 
the private sector ^ j \- 

» >•* 

The Cost- Benefit Requirement 

The need for cost-benef jit (investment) analysis should be apparent from 
Figures VI and VII. These figures also illustrate the need for an applications 
general manager. Figure VI depicts today's situation, wherg uncoordinated multi 
agency, multi-ide^ requests are being generated far. in excess of dollars avail- 
able for applications programs. Programs are being approved or denied on a ^ 
judgment basis within dollars available without a specific value discriminator. 
Figure VII depicts the same idea generation, with agency requests co-ordinated 
among agency, user,- and general manager, filtered through an economic discrimi- 
nator, and rank ordered, leading to approved applications having the most eco- 
nomic benefit. 

It is conceivable that proper utilization of the cost-benefit or discrimina 
tor technique could result in increased investment for applications. 

The Agency 

The role^ of the NASA Associate Administrator for Applicatilons should be 
e.^anded to includo^ the responsibilities of general manager in the early'stages 
of all applications. The general manager's role should be continued through 

.^atl phases of any given application, but for the operational phase the role . 

'should be assigned to the agency responsible for the operational system. The 
general manager should execute t^e functions described herein and should 
establish goals and missions Jfor all user organizations. 

In assuming the general manager role, it will be essential that NASA estab- 
lish a strong service relationship with all users (including the private sector) 
for: / ^ = . 

Applications planning- • . « 

Experimental program technology planning and codrtlination 

Costing and/or pricing of the service 

Determination of who pays for what 
* » • 

. Data dissemination policy 
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FIGURE Vr PRESENT FUNDING METHOD 
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* . * ' ' ' 

^ 'Deve-lopiiig' a policy for commercial investment related to con-'" 

tinuing' government investment. 

It should be recognized that NASA/ in the role of general manager, need 
not and should ndt be staffed to do the total applications task. ' NASA should, 
however, develop the capability for systems 'applications in the areas of require 
ments planning, market research and development, and socioeconomic analysj.s 
and should provide this capability as a service tthder the guidelines developed* 

This system should result in clearly delineated goals (including cost- 
benefit) and missions, including timetables for all. major -organizations and 
should provide the proper tools and alternatives to develop fully space applica- 
tions. , ^ ; " , 

*■ 
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"^CANDIDATE PROGRAMS FOR FURTHER STUDY ' ^ 



OF, COSTS AND BENEFITS : ^ 



The Panel, in reviewing, previous studies practical uses of satellites, 
was struck by ther fact that most of thes^ tended to be driven* by the available 
capabilities (or future p?:ojectiohs 6i Sjame) rather than by the n.eed. That is, 
there was a "st)lution'* looking for a problem to solve. While this viewpoint is 
rueful, a perhaps more fruitful approach is to start with key needs which are 
considered to have very large economic impact in the future and then to see how 
space derived developments can help. This kind of focus is one' 'that a user 
community would have ^plied to previous studies, as opposed to that of the 
technology developer, who quite naturally see*s the driving force as a new techni 
cal- development. > \ 

The Panel recommends that broadly based cost and benefit studies be ma^de . 
in the use of space systems as applied to the following fquf key areas: food, 
energy, ninsral resources, and communications and navigation.^ The basic advan- 
tage that jpermits spacfe systems to make specific and important contributions 
is their global capabilities. Economic ^problems and opportunities in these key 
.areas are recognized to be worldwide problems, rather than solely national or 
regional problems. This interdependence among countries and amdng problem areas 
(energy and food; e.g.) requires worldwide, timely and accurate services., infor- 
mation, problem recognition, and monitoring. We may not prefer these develop- ^ 
ments, but they persist. . / * _ ' . . 

.The same capabilities of providing ^ei^^ices and information are also useful 
of course, to individual regions, ccmntrieij^^ and area§ within countries. It is, 
in l*act,thesfe benefits that largely mptivati^* national space application efforts. 
It is the global capabilities' that/SlxeJ?anel believes will be tKe , source of ^the 
true ultimate benefits>,:of space system applications. However^ the problem be- ' 
comes one of concrete Specification; l\ow can space systems help in any one of 
these areas? 

111 * * * 

Clearly, the contributions of space systems to economic prt)blem solutions 
•oji earth are complex. To be assessable, the contributions must also .])e 'direct. 
^The contributions that space systans can make have to be considered in a systems 
* context, where many and proWbly most, ofv the activities are carried out on the 
ground. Space Systems are complementary, hut sometimes decisive^ componentsrx 
of these ear$h-b^ed activities. ^ - ■ ] . 

One type of contribution, increased production of goods ^d services, is 
e^asily understood. Thd purposes jof^ econ6mic assessment in this, case ^e 'chiefly 
to verify the claimed technical performance, measure the output, an3 assess .the 
demand for tile added tor hew) product or service, making allowance ^r the 



price lev^l of the^product offer^ in comparison to its closest 'cojopetition.. 
Such an assessment is not easy, but it is accepted as *'real," -nOt only by the 
innovator^ but also by the pSblic, the executive officers of govelment , and tne 
U^S. Cojagress, C'./ ^ ' ' ' ^ . ' • 

3ut^ how can afiy v^lue^be ^.-^iirived at for space sensing where the totals 
^qua^tity (e.g., of .wheat produced) is Twt changed but Sistyribuf ion and planning ^ 
^^i>e improved? This second type of contribution where total: physical quantities ^ 
stay the same is much more difficult to comprehend an& to accept, yet it is the 
consensus of the Panel that it is. precisely li> this area where many of the eco- 
nomic opportunities occur today, and ^Iso vrfiere space systems can make lasting 
contribution: to gather needed information ^ a global basis, ^ . • 

^ FOOD. . ^ 1 " ' 

" ** /■* * 

^ The demand for and the supply^ f ood tod^^y is in a dedicate ^alance; both ^ 
dopesficaliy and worldwide. 'l^^rojeCTions^of these two factors over the nqXt few 
years aj^d .decades have been made elsewhere, but tTie serlousaess of the worldwide 
balance of supply and demand in, food, b^ 'crop, is generally ^ccepted. ^ 
' "In the fall of '1974, a worldwide conference on food* problems Vas scheduled j 
by the Food^and Agricultuiee Organizati.qn of the United Nations in Rome. However, 
-to' formulate short-term or long-4^ejg^tod policies, domestically and worldwide, 
one ideally would have* to know wh^^^l? ifacts are, woj:ldwi(fe, in a given month * ' 
oV^even in a given Veel?. For exan^e, af ,jtnp^establis]^ent of u domestic, • ' ' 
Regional, or worldwide food fund is to be S^riousl)^ ct)tisidered> it is advisable . 
to know what size inventories exist, aiid wh^ influence on the^e inventories 
i?&sults»from continuously changing conditions in climate, acreage, 'jnanagep.ent ^ * 
practices, crop conditions, agriculture^ ^ojicy^decisions, opening q;f ne;w lands', 
and progression of agricultural calendar^ worlawfde*, region by region,/ country 
by country, province by province. It is'.'^nLy wh^n we know where thfs -shortages 
are, when they are likely to occua^,. aifS the extent of" the shortages, that we\.may 
proceed to distribute tlje iLesources from areas* of .surplus to ^reas of shortages 
either through world market pricp mechanisms (supply/demand) or through govern- . 
ment policy decisions in .terms of large scale, often longrterra trade 'agreements. 
This process, 'Either that. of $he ma:^ket place or that of inspired government 
policy, is helped by — and often only possible with -- accurate, timely ,infor- . . 
mation, not only on one's own food' resources,, bi^t .also^on those of. every other 
major region. , " • ' ^ ' ^ ^ 

. The* worldwide interdependence in food problen^s* shows up in unexpected areas. 
For example, the drastic decline in the ancKovy catch off Peru. in 1972-7^ Jaad ^ ^ ^ 
ajnajor impact on the availability of fishmeal for animal feed, which drpve. , . 
up ^prices for soybeans (a^substitute) in the. United States^ and, in tupi^ ifj!..^? ( 
a temporary embargo on soybeaa expoi^ts to Japan with- ensuiiig adverse effqcits ^ ^ ^ 
on Japanese diets and living standards.. Jn*the agricultural pa5i& study example • 
discussed in i^fendix A of this report, we will mention'the j)resent precarious 1 
worldwide balance" in fpod grains. Some of the information needed to co^e with' 
this problem is clearly not available. in reliably form, from present sources. 

Information gathered from space will x^t eliminate' likely food shortages, 
at least not now^ but it will help .timely 4^cisionS' 9n a worldwide Jjasis to ^/ 
overcome aritici|)ated shortages before they lead tQ large-scale starvation in , 
whole* subcontineifts.' These .eivents may occur with or without t^etter information, 

7. ; • ^ . - ' 28 . ' 
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but. it seems clear that these pxobleifis can be signlfican/Oy alleviated, if not 
eliminated, b^ a'dequate worldwide information. ' 

Some of the measures being considered («tg.,a'$2e billipn food grain fund) 
involv^ inventories which clearly can only be built up and then distributed 
with the help of a worldwide informati^ system. This ^20 billion worth of food 
grains, for example, would have^to come from somewhere, yet stocks>are depleted 
^ this time. The amount of grain. that^ $20 billion will buy is l^gely determined 
by when, where, and hoK much is bought by the fund. We are talking here about 
IQO million metric tons of_faod grains, wt^reas the ^'Russian Wheat Deal" ran only 
to 10 million metric tons. --,Qearly,- to pursue.national policies in agriculture, 
4pmestic and worldwide, we need timely and accurate information that does not 
e^c-ist today. Space systems can assist' in providijig it; The Panel believes that 
space -systems, integrated -With ground information, caiL^yicfe the necessary 
information by 1990. . 



.. • ,. ENERGY SOURCES AND JDISTRIBUriQIi- 

The exploration, -development, distribution,, and consumption of energy * 
resources cle^y are' noj* global problems, A recent report on the subject says: 

- "The vtorld- wide nature of energy has now'intruded txpon our daily * 
livesj. Whatever. courses of action the United States ultimately • 
- " ^akes to deal with energy-related jiroblems^, the ramifications of 
world enei:gy reaUties — the. producers* iVrtel, the Arab- Israeli 
conf^jJct, the monetary system, the global environment ~ must be" 
^ ■ ^ -taken into, account if ^hey.are t-b be. realistic. " The problems vill 
not be solved in isolation or by groups iif .-nations confronting each 
other. Accommodations must be reathed that protect the legitimate 
^ ., interests of buyers and sellers, rich and>oor. This will require 
^ ^: international discussions in. Which 'all can participate. 

"The mqst immediate smd real problems for most people in this v6rld ' 

are th^'^^sho^^ges of foel^fertilizers and-fcqd in Africa, Soi/th^ 
- ^la a»d ^rts of Latin America. Imaginative and" -generous fonns of 
jiultila^eAl assistance to these people from the industrial naitions 
. •• and oib- exporters are needed."* - • , 

« ~ - \. ' 

— The pxfent of domestic ener^r supplies, the extent of energy-'-consumption, 
thre dependence upen- energy importi!^ the interdependence o{ energy issues with 
world monetary flows, and coiJpictigg political interests and gokls arfe -issues 
that will stay with us for. th^ rest df this- century. , ' . 

In looking at the contributions that space derived information may make 
to solving energy problems, to improved prdduction or distribution, ^r to 
:«iVironmental monitoring, the Panel .dbes not expect space systems to play, a 



*i^loring Energy Choices. -Preliminary Report of the Energy Policy Project of the 
Ford^oundation, ^al linger Press, 1974, p. 20. ' ,« ~ ' . 
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doninant role in the near tenac It is in the exploration, development and 
exploitation of energy- resources, land based and -offshore, that =the Panel 
believes, space* systems c an ^ make significant contributions*, 

, The Panel has limited its considerations to space-base'd systems and their, 
po.tential contributions ^to Energy problems. Tne potential tr^j^fer^^space. ^ 
technology ("spin-off") to. grouh'd^Tjased applications, such as solar heating and 
cooling processes, the tr^sfer of hydrogen t^chnolog)-, the application of tele- 
operator technology in land and offshore mining operations, are all possibilities' 
worthy of e'xscmination. ^Yet, they are not strictly space-based applications 
programs. . . ' 

In this restricted sense, then, the Panel considers that space systems have 
very iii5)ortailt near- term potentials as a. part of large system providing for 
energy needs as follows: * ' 

Operations of offshore oil rigs: With the likely expansion of * 
the- use of ocean resources in tlie 1975-2000 period, the predic- 
tion of sea-state, weather and wind conditions for operations 
of oil productidh in offshore systems is a major, direct eco- 
nomic potential • In 'regions of adverse sea-state, such as the 
North Sea, offshore Alaska "and the Canadian Arctic, considerable 
operational hazards and costs are incurred. During the winter- 
months of 1973 alone, insurance reimbursements for damages in the 
North Sea oil rig operations were $35 million, ^Offshore field ^ 
operations are ill impeded by certain levelsVof"^ severity of ocean 
•weather conditi6hs. Production is the most critical phase of the 
operations and. is, therefore, the ^ost susceptible to environ- 
mental ^conditions and improvements in predictiens of these 
.conditions. Substantial economic benefits can be expected^from 
space applications progi^. Based on e^xperience in t^e North 
Sea and a careful extension of location of ttiese results to abeat 
400 offshore drilling rigs operating worldwide in 1974, new 
space systems presently considered byfNASA for development can 
yield benefits* of between $100 millit)n to S300 million, By 
improvemerrt over present (including present] space-based^^ sending - 
^ • systems. - \ > 

- . * ' * 

Routing and scheduliiig of oil taxAers and liquified natural gas. 
. (LVG) ships: Specific systems studies need to be undertaken to''^ 
, analyze the potential contributions of space-based sensing and • 
comiitynicati6ns -systems to the routing cJf large scale tanker 
operations.^ Specific, cases involve thfe Alaska to West Coast oil 
transportation problem. Middle East to East EoastODil and LNG 
tanker routing and scheduling, and posiibiy, Arctic tanker operj?^- 
tions> .Methodology is available for sOch ca^e studies. An 
example is included a^. Appendix B, - ' _ 

Siting and monitoring of land-based and offshore nuclear plants: ' 
* It is believed that a variety of present and fu€ure spaQe-b"a$e^.-^:^" • 
sensors co^ld contJdbute to environmentally .acceptable operati-bn 
Qf larger scal^ -offshore stmctures, with ada.quafe warning at 
possible adverse conditiipns. " - ^ *' ' 
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United States and worldwiHe. monitoring of oil spills and -predic- 
tion of 'adverse sea states for avoidance of oil spills:^ As oil 
tankers ^ave ihcre^ed in siz^, oil spills ^ave increased in 
seriousness, both in terms of the costs of damage to shore? and ^ 
to marine life ^d.in terras^/of the cost of containing the spills 
and recovering the oil. The potential for accidental oil spills . 
.and illegal diseh-Sfges is very high.*. 

Many, if not most, pf the ^ajor spills are the result, of accidents caused 
oy inadequate sea-state, routing, or .navigation .information. For example, an 
Alaska to West Coast transportation case stu^y show^ that, the probability of 
tanker collisions in large scale operations expected in the period IflgS-^iggS is 
very high, asstmiing' presently available sea-stat'fe and routing information. ^ 
Currently, information is almost'^ invariable quite old by the time it reaches a 
ship. Improvements in providing real tinje information could be provided by 
using spice systems. An investigation into ^the likely contributions of SEASAT, 
SMS "(Synchronous Meteorological Satellite), and other new systems is considered 
well warranted, in view of the projected probabilities of spills and tjieir 
seriousness. 

ifT 1ihe. ItHiger term Xbeyond 1990), the Panel believes that space technology 
can^make majpr active * (production) contribution to providing 'energy. Solar 
energy is cprisidered to be the •'second'* unlimited source (fusion Ijeing the "first") 

/ ' ' ' MINERAL RESOURCES OTHER THAN .FUELS- 

' An adequate supply of mineral resources in the years 1980'^ 1990, or 200ff 
is one of thetiation's major concerns,** and the Panel believes that the normal 
interplay l^etween the factors of price, supply and flemand'^ technical .ijinovation 
and substitution, as well *as reuse of minerals, will work fairly' well — but in 
•*an unpredictable May' — to meet most scarcities • - ^ 

^ Panel feels that space-basedjsensing, information, and communication ^ 
sysfefis can mak6 very specific economic* contributions to the sear^^i^for and the ^ 
recovery oft minerals, today and ia the near tern. Air-borne side-looking radar * 
syst^as aref already in limited use for mineral expldration and the Panel believes 
that space-borne ^uivalent Systems couId.be more cost effective. The potential 
bfenefit§ from the u5e of space systems can1)e defined *and measured -in# a very 
specific cdntext, A methodology. on how this can be done is presented as ^ 
^pendix B, . * ^ . 

Space-based systems can help in land-based and in offsliore mining operations. 
Some space systems can help in .ti^ .exploration and develppaent phase jrf-mining 
ventures. A^ long as present space c^abilities, sudi as today»$ ciSmmunicaticms 
satellites, are beneficial in these ,ef for tf, they should not be included in the 
benefits of additional neji^ space capabilities.- Specific potential space 



. ^ ■« ^ 

*5ee, for examp^, D. E. Kash et'al. Energy Under the Ocean: A Technology Asaese-- 
ment. University of Oklahoci^ Press, Noxmait, 1973. . • 

*See7^or example, Mcderials Needs and ihe,.Envi]^omeni Today and ToMrrao^ f^inal 
Report of the National Commission on Materials Policy. Submittecl^tp the President 
and the Congres^Nt^f the'^it^ed ^States, June 19-75'. / ' ^ ' 
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contributions iijbentified bV the Panel on Extractable Resources* should be 
studied Sn an overall systems context with an analysis of very specific 
applications.' 



; COMMUNiCATIffiiS AND NAVIGATION / * . . ^ 

From the early inceptions of the potential of space communications, ^ • 
through the applied research and technology phase and the prototype demonstra- 
tion phase, the national development effort has been so successful that this 
.part of space applications (common-carrier-type commutiications using advanced 
technology, 'as typified by Intel'sat IV) has been turned^ over to industry. 

In the Panel's opinion,, the "domestic open 5kies" policy for communications 
was a further, inspired^ and economi'cally stimulating step toward a free market 
concept of space applications, subject only to the laws of price, demand, arid 
supply, with long'lasting beneficial economic consequences to the United States. 

Nevertheless, we ha^'e to' ask: given the economic success of this part of 
the^ space communications program, aire there other major jiew opportunities in 
space communications and navigation that need econoniic, technical analysis, and 
, development effort? "In answer, 'the P^nel feels that new- economic opportunities 
indeed exist in •all three phases o£ the innovative process: research and 
development, transitional, and operational phas'es. , ^ 

The'Pane^ has therefore, congji led the followihg'few comments, that led it 
to the conclusion that there are further opportunities to be vigorously pursued 
by the • federal^ goveiqftmenr and industry. 

An integrated ajialysis" of U.S." space communications needs and opportunities 
^ is required with an oirtlook toward the 1985- 199G period. By integrated we mean 
'a con^rehfensive 'assessment of federally funded, efforts during. R§D, transitional,^ 
and operational phases ^te.g.," Department of Defense and other aich federal user's) 
and of indu^ry- funded effi^rts. . A (Tlear lead role should be assigned, nationAlly> 
for each of th^ three phases. If that lead role is nt>t assigned to NASA (which 
has as a characteristic a motivation to see its R§D results applied tc fcivil 
use) , the Xransfer of the R§D apd transitional phase results to civilian uses 
should be institi^tionallyjassurjed by some other mechartism in the national eco- 
nomic interest^ ^ ^ ; ' V-.-"* ^ * 
. ^ The issue- &f* the^^ole of the feder?il gpvemm^t as con5)ared with, that of 
private industry needs' a constructive resolution. Civilian space -communi<:ati<ms 
operations can be^nstitutionaliy funded and carried out by. private industry. - * ^ 
But there are sfroftg ecc5horaic arguments for federally funded R§D efforts. The. ^ " 
most di^icult issue to be resolved is the transitional phase of technology ^ 
and systems. ^ - , ' ^ \. " 

^ In looking ahead* to the 195^-!g96 period, the f>anel anticipates a substan- 
tial further increase in the denmd for telecommunications' and for new forms of 
communicationr" On the basis of best available projedtipns to the 1985-1990 
^riod, we expect about a 2. 5- fold increase in the amount of telecomrniinications 
^one (hpiisehold and business). This increase is projected with only sii:5)le 



*Panel on pxtractable Resources. Practical AppticdHons of Space Systems j Supporting 
Taper Bj Repo^ of the Panel on Extractable Resources. . Report to the Space Appli 
cations Board, National Research Couhcil. ^'ational Academy df Sciences, Vfashincton. 
D.C.-, 1975, • . . . ' ^ . . ^ ' 



extensions of present ground 2uid space-based technology ^d at^ about present 
price levels.^ The technical capability for heetjing that projected demandiwith 
present technology^^tlntelsat IV or V type) and expendable space transportation 
capabilities is seriously questioned.t Rather,, we would jexpect in this baseline 
projection a substantial increase (by a factor of 2) in teleconnnuni cations prices * 

.in the 198S-1990 period djte to developing limifeations of siqpply. 

Therefore, we recommend that a broad "top-down" reassessment of new space 
communications systems for the 1985-1990 period, beyond simple extensions of 
present technology, be studied. Very specific R§D and transitional phase issues 
that evolve should be geared toward the most economical, integrated use of such 
new capability, A concerted effort on this particular aspect rs recommended 

•above and beyond the considerations under the first comment. 

To give perspective to the magnitude of economic factors in communications 
in the next decade, we project total capital investment needs in all the'^tele- 

'communications sectors to rise from the 1973 estimate, of $70 billion to about 

,$150 billion by 1985 (present extensions of technology). The labor force 
eii5)loyed will stay fairly cohstant. 

The major (quantitative ec^mic findings concerning the U.S. communications 
sector and in support o£ federal\pot necessarily NASA) R§D and transitional 
phase funding are: ■ ' 

The time lag between successful R&O activijties and implementa- 
tion in operational systems is anywhere between 7 to 15 years. 

R§D is the major factor accounting for increases in telecom- 
munications output in the 1945-1970 period. The "rate of return" 
to communications R^D is about twice that of direct capital 
investment after allowing ^r a 10-percent discount rate adjust- 
ment to R5D returns (7 to 15 years). * 

Most of the R5D and Substahtialrportions of xkh transitional 
j)hase effort in^ the .1945-1970 period wer^ funded by the federal 
<^ government. To discontinue this history of proven applications * 
success would set a dangerous precedent. The Panel believes 
^^at if the United States is ro' maintain leadership, w^liave to 
continue to push ahead in R§D, including the introduction of \ 
major new innovations in space communications systems^ The * 
- ^ benefits, and the costs of alternative approaches need analysis. . 't 
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PRELIMINARY DESIGN^ OF' COST-BENEFIT STUDIES 



J "In Appendices A and B of this report, two example cost-benefit study 
/approaches are presented as illustrations for application of the cost-benefit . / 
techniques descriSed earlier, in this report. The Panel has not had an opportuili^/ 
to review the assunptions and data in these studies in detail and as a group 
neither endorses nor rej/ects the specific findings *pres en ted We do belieye/'how- 
ever, tliat they illustrate usefiil approaches and suggest some iii5)ortant potential 
pay-offs from space applications. 

^pendix A is a sketch of a theoretical model concerned with a weekly world- 
wide agricultural resources , survey bas'ed on use of a space syste^i. This study, 
because it is prepared while the space system is in the R§D stage, deals neces- 
„sarily in broad terms both as to potential cost and benefits. It does, however, . 
as disapsed in this report, develop the assumptions made and documents th^m ^ 
throughrthe stages of application fiom R§D through operation,- illus'tTOting a 
methodology to be used in planning the economic js<iope*'of applications programs. 

Appendix B iB a ca^e study prepared in 1974 to illustrate satellite effects 
on maritime traffic. In this instance, the ^"udy is' concerned more with the 
operational phase, as both tlTe technology, and market application are fully defin- 
able, for cost-benefit analysis. The results axe specific and indicate marginal 
benefits exceeding marginal costs. * > * 

% ThesQ^ two cases, dt oj)posite ends of the applications cost-benefit spectnm^* 
were diosen to demonstrate those extremes. This, it was felt, would deinonstrate 
the potential of cost-benefit modeling for investment decision in the sps^ce 
applications area. ^ . * ^ 
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CONCLUDING REMARKS 



In the course of the 1974 Summ^i: St.udy on Space ^^plications, -the Panel on 
Costs and- Benefits has becone increasingly stimulated by the potential benefits 
which have beexy identified by the u?fer, panels. At the same time, it is" recog- 
nized that these benefits can only be. obtained at high cost and many years in 
the future so that specific benefits are npt fully definable now. 

Future costs are almost as difficult to~estimate as future benefits. If the 
current space shuttle pay load model* is realized in the 1980-1991 era, the cumula 
tive costs af the space applications portion of the payload model could amount 
by 1991 to about $11 billion in 1972 dollars for payloads, launch operations and 
data acquisition. The paylaad model projects 60 shuttle flights per year for all 
uses; of which about 20 flights are for applications missions. A sign-ificant 
number of the latter- are projected to satisfy private users who might be expected 
to pay for the service, having independently judged the benefits to exceed the 
costs. * . 

Utilization costs such as data and information processing are in addition 
to the above costs and, in some cases>jfey be raufch larger than the direct space- 
related cost. Clearly the size of the resource commitment involved dictates 
that only a small part of this investment" should be made merely because further 
technical development in space is possible. Full, justification must be based 
on a national conviction that the potential letums feom. space 4*arr-ant ^he^ size 
ot the investment needed to push the frontiers of knowledge fvtrther. 

The complexity of the problem and the time and cost required to complete an 
objective analysis tempts many to abandon analysis. The alternative is to con- 
struct an appeal for funding on intuitive grounds. This" is a high-risk course • 
over the long and ev€n the short. term since it leaves the technologists and 
users subject to equally intuitive, even emotional, counter arguments. 

The -panel on Cdsts and* Benefits was unanimous in its conclusion that a 
rigorous investment and cost-benefit analysis is not only possible but wouid.be- 
beneficial m determining whether funds should be committed to fully operational 
syst^. In earlier stages, investment analysis must, of necessity, be more 
qualitative and jifdgmental. * ^ 

* * • 

' Payloads: Bearings on Space Mseions^ Payloads^ and Traffic for 

' October*30^ 1973 "*^* ^^"^^^ Committee on Aeronautical and Space Sciences, • 
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The Panel has foifnd that previous economic and* cost-benefit studies of 
space applications have, ip general, been ijell done. Conventional techniques , 
have been employed which have been bounded 'by inputs and assumptions. Such 
studies have usually been aimed at quite specific, often nairow, targets.- 'There 
is now a need for an integrated study approach to applications which naturally 
fit together in terms of joint hardware or joint uses. 

The space ^plications program is now at the point of maturity wiiere more 
conventional investment techniques, such as retum-on-investment analysis, can 
be employed but these techniques must be ^plied judiciously ♦ htost benefits 
and costs can be sufficiently quantified for such analysis, but many cannot. 

There should be clear statements of objectives and alternative solutions. 
A friori agreements with decision -makers, such as the Office of Management and 
Budget,, should be reached as to decision criteria. 

The key ilivestment decision points occur before the initiation of each of 
three phases (research 'and development, transitional, and operational). Each 
succeeding phase involves increased cost, greater commitment and, concomitantly, 
more concrete information on \rfiich to rationalize the pre-phase investment 
decision. Investment ^alysis should be, in fact,, an on-going process during 
which estimates of cost and return are continuously refined. " 

Investment analysis should include the following factors stated to the 
degree of accuracy appropriate to the phase under consideration: 

Economic and market researcii • • 

Cost and benefit analysis 

Technical confidence factors 

Management and institutional definition ' ; ^ 

Break-even and retum-on-investment analysis 



However, studies and analyses do not, in and of themselves, make decisions but 
provide logic and informatioi} for human decisions. . f^i 

A pricii}^ policy for 'the space shuttle^ for expendable vehicle alternatives, 
and for application services is needed as soon as possible. The shuttle with 
its flexible payload alternatives and capacity of^rs opportunities for •cost 
. savings by standardization of spacecraft and modules within and across programs, 
and opportunities to trade-off hardware aad transportation costs. 
^ Cost minimization should be emphasized by design- to-cost programs and clear 

definition of pro-am requiranents 'during conceptual phases • 

DefiYiition and quantification of benefits are probably the most difficult to 
accotaplish but are amenable to mo'dem management techniques applied on a phased 
basis ♦ * * ^ . 

Complete benefit analysis should include: 

Economic analysis • * ^ 

♦ 

Market research 

Identification of end-usb problems — qualitative 
approadi to "solutions" and quantitative benefits 
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Categories of benefits should be separately identified as: 

Private pecuniary benefits. * ^ 

S9cial quantifiable benefits 

Social nonquantifiablA benefits % 

Public policy nonquantiriable benefits 

\ * 

• The accumulation Of data is not its\lf a benefit but can become a benefit 
whpn it results in some action. 

Goals and missions should be clearly Established for all major organizational 
sub- divisions, with associated management responsibilitil^s clearly established 
throughout each phase and full program life. 

Relationships between NASA and users shoii^ld be established for: 

Cost-benefit detejrmination 
^Application planning 
Operational program injplementation 
WJlo pays f^r what 

The Panel on Costs and Benefits recommends that general £liasia§|ment responsi- 
?Jility be specifically assignjsd throughout all phases of- an appl^Mitioni^ program. 
This ihcludes coordinating users and usex working groups. In the R^nel's opinion, 
NASA should have this responsibility in the ea;;ly 'program phases. 

To carry out even its. currently assigned responsibilities,^NASA has a need^ 
for in-hcuse capability which it does n(St npw have iii requirements analy- 
sis,' market research, and socioeconomic analysis.. • , 

The. Panel on Costs gaid Benefits proposes the following as candidates for 
further in-depth oost-benefit studies for space applications: 




Food supply aijp distribution 
^•^v. Energy sources and distribution 



Mineral resoi^ces 



Oommtqaftg^tgljtehs and navigation 




These categories were chosen because they will present major national ^d 
.worldwide problems in Jthe next decade, artd tlieir salutions are expected to 
provide numerous benefits. Space ^plications can make an important conttibu-^ ' 
tion to these soluti^yj^s. . . " - , \ 

I The Panel on Costs and Benefits has proposed examples for the* cost-benefit 
case models of space applications as applied to agriculture\(woj^ldwide agricul-* 
tural surveys) and to maritime traffic (oil-tanker routing). ' ^ 
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This is dc/he to make two important points: 

1. Cost and benefit studies can h6 done with meaningful 
results for decision-makers, at any stage of the life 
^ cycle of a new technology (R5D, transitional and* opera- 

tional phases) and 

. 2. The approach to measure the benefits of such programs is 
often significantly different from project to project and 
.for 'each phase, requiring judgment and broad economic 
e^qjertise in the many too.ls available for ecojiomic and in 
vestment analysis, . , 
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APPENDIX A* 

CASE STUDY OF AGRICULTURE (WORLDWIDE AGRICULTURAL SURVEY) 



Background 

The Panel on Agriculture, Forest^ and Range of the 1974 summer study has 
identified the desirability of weekly worldwide agricultural crop information* 

In this case study, ad hoc "top-down" estimates of the potential benefits and 
maximum allowable research and development, transitional, and operating costs** 
for a ^1990 Worldwide Agricultural (space) Surrey (WAS) are developed. This 
exercisB is illustrative and is not presented as a "hard" set of estimates. In 
^particular, no attempt is made to undertake^ detailed ex^ination of the institu- 
tional and behavioral changes required to realize the potentia^benefits suggested. 
Hie point in pre^senting this example is that for cases where such large potential 
gains exist, further detailed investigation is clearly cdlled for. If the kind^* 
of information system envisioned looks feasible in the cost ranges suggested 
hereii) and ii the benefits suggested seem possible of at least partial realization 
as more definitive analysis is undertaken, then this application seems to be 
a strong candidate ^for support. We also ihink that an .integrated view of each 
application is needed (multiple systems, multiple users) and that a clear focal 
orientation is needed for purposes of economic ^s well as technical analysis. 

This appendix presents an uninliibited view of the need for, and potential of, 
worldwide agricultural information^ It is a generalized economic outloc3fk without 
the hard, detailed study of economic benefits and costs of Actually implementing 
siich a system. Needs were identified by the Panel' on Agriculture, Forest, and 
Range for week-by-week worldwide agricultural information on crop acreage, con- 
dition, and calendal-s (plowing, planting, growing and harvesting). Clearly this 
is an ultimate goal for information, and not all of this information is gathered 



*This appendix utilizes information J?tom a NASA-funded study performed by ECON, Inc. 
under Contract NASw 2558 and entitled The Economic. Value of Remote^ Sensing of 
Earth Resources from Spaae Intensive Use of Living Resources-: Agricultural 
Distribution Effects. ECON Report 74-2002-10, Volume 3, Part 2, Princeton, N.J., 
August 31, 1974. • • 

*The term "maximum allowable costs" is xxsei here to indicate the tq>per limit of . 
fund allocations, i.e., within the, i^ange ' justifiabje by expected benefits. The 
term does not mean that these funds have to be spent. Within the range of '♦maxi- 
mum allowable costs" the most effective integrated system has to be found to 
achieve the expected* benefits from the (postulated) capability. 



only frqiD space ♦ Yet worldwide, week-by-week coverage cannot but rely heavily 
on space sensing sysj:ems (ERTS, EOS, SE0S, NIMBUS, SMS, SEASAT, and connnunica- 
tions satellites). 

Several points that deserve emphasis follow: 



Such a worldwide systep design is a long-term goal. 

Such a system is very ambitious and relatively coSjtly when com- 
pared to present space applications efforts. - / 

The determination^ of benefits to the United States and to all 

•nations needs careful study* . , • ^ ^e. 

The degree to Vhich th^ benefits from such information , can be 
realized will heavily depend on how this information is processed ^ 
and made available to some or all users and whether users act &a 
the information in the directions assumed here. . . i 

Two larger questions necyi to be addressed now: . 

Do the overall potential- benefits far outweigh any likely, 
•rationally managed systems costs (RSD prototype, development, 
^ and operations) of a long-term program commitment by the United 

States? 

If the answer to *this first, question is yes^ can such a long-ter m ^ 
commitment be a purpose and goal of the U.S. space effort, and 
can it be undertaken in tenns of the investment needed to do so 
and in terms of benefits to the nati^ph and mankinci? 

The Current (July 1974) World Food Gr^in Situation 

^As the peak growing season of 1974 approaches, events Teed one to believe 
this is a year in which the outcome of tTie spring food grain Tiarvest will be 
extremely important to the economic and political .stability of the world. I Grain 
stocks have* not been rebuilt since 1972 when large -reductions resulted froilvj)oor 
crops in many areas of the world. This year fl974)j a^ a result of inclement 
weather, the spring crops were plated very late in North America and in the 
western areas o£ the USSR. Moreover, the Indian monsodn is now two weeks late 
and the possibility of a jnonsoon failure must be considered seriously^ Out of 
a potential world food grain c^op^ 710 million metric tons (MWT), at «least 
lOO.h&ir are growing under high ri^k conditions.. With stocks at ^ minimum, the , 
allQwable* margin for error is obviously small. Poor weather hi any one of 
several key grain-producing areas could resul^t in a world food. Crisis of a magni- 
tude that is beyond our current ability to rationalize. Needless to say, it is. 
important that those supplies that are produce^ Ke distributed efficiently. 
Accurate and timely information about prospective crop conditions is vital to the 
distribution process^ today. Over tjie nexf. decades, tftis w^ec^rious balance seems 
likely .to increas.e in impori'ance. 
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• yk^ following paragraphs describe briefly the current situation it, exists 
•an s^everal key areas and indicate the major threats to the crops in those a?eas. 

^ The spring wheat crop in North. America is a fast gijqwing v^i- 

1 which matures in 95 to 100 d^s. It is" normally planted^ 

T by late May* .and harvested by tfie end of iUigxist. .This year 

. . well'ovejr half of the spring wheat crop was not planted until , ' 

4 '®^^ly Ctiiis was the latest planting in history) and will \>n. 

^ . mature until mid -September. The threat of frost damage' is 

y vefy real and an early, frost couid be disastrous. The pK)duc- 
ing area is bounded by 11'2^W and 95^W and 45^N and SS'^N^ 

• i ' . ' ' ^ , - 

' The spring wheat crop 'in "the USSR was planted late also^ but . 
^ no one knows exactly how late. This wheat is grown in a semi- 

arid climate in, the central portion of the USSR and is a risky . 
• crop in any year. This year it is threatened by drought, as* ' ^ 

; usual, but, because of the late planting, harvesting condition 
V , may be a problem also. Strangely enough, the hatvesf.in this ,^ 
> part of the USSK is just before a' rainy 3.eason. Bfe coordinates " 

are 6S^E and 90^E and 45''N afid STl'N. 

The outcome of the Indian monsoon, while^ critical, Wll be well 
t known in the next few weeks.. 

Chinese weather information ig difficult 'to obtain^ but -there 
is evidence of drought in the Peking area. Most food grain is • . 
produced in the area bounded by ]JlO°E and 120°B and 40°N and 

Likely In5)act of Information Uncertainty , » • ' ^ • 

^ ' Mr* 

Extensive economi.c research is presently ongoing in determining the value of 
information in U.S. agricylturef. .One significant ingredient in this determination 
is the reaction *of. food ^rain prices to changes in e>qpected food crops. Any 
best estimate to date (July, 1974) of this relation between food prices and food 
quantities is\an "elasticity of demand" of about 0.15 for wheat (interim esti- 
*mate), and soriewhat lower for total food grains; i.e., a l-percei?t rise in wheat' * 
prices will lead to a O.lS-perceirt reduction in wheat consumption and conversely, ^ 
a 1-percent re^u^tion in the expected quantity of wheat crops will lead to 
a 6- to 7-p,ercdnt increase in the price for wheat ' food crops. 

This key" finding; when applied to the current world food situation, and 
existing uncertainties therein, leads to the following obsefvations: 

The distribution value of the 610 MNIT not growing under high / 
^ • . risk conditions will be about $196 'billion, with a needed 

extreme readjustment of inventory, consumption, export, and - . ; 
^ import decisions. The value of 100 MMT growing finder high risk 

.would be about/ $24 billion^ *Many independent decisions and - 
• • decisioii-m^Ws ai^e involved. At these prices, crops presently 
not harve^rSd or plowed under for the next crop cycle might be 



■ , ' harvestec), and land not now cultivated might/^B^e opened, 6r land ^ 

■ . ' \ now only, used ^'extensively" might be ir^gated^ fertiliifed, etc, 

^ Yet we will not knpw for another 8-12 vfeeks what th^ 'adtual con- 
ditions of worldwide food crops vi 11 be, although €hese could ^ 
be determined, to a major extent, by WAS sys terns • , * ' 

Case r (Maximal Benefit) . . " - - ^ ^ * 
• . . ^ ... ^ . 

TKe market immediately expects the worst, i'.e/, that instead of 710 ^^MT, 
orily".6ld NMT will be harvested. Prices now prevailing (about $161 per metric ton 
of -fpod 'grai^l) will rise according to the measured elasticity of 01^15 to a level 
around $522 peV metric ton, (See Figure I.) The U^S, grain e;^ort* volume of- * 
$18 billlbn will. rise to a level of $36 billion at^ the end of the crop exporting^ 
perioii with 'an average export revenue flow of $27' billion (a heavy cost this year 
to ccm^umdrs) • ^ 

it turns out that, contrary to expectations, all four critical regions 
perform adequately, i.e.., the marginal 1-00 MMT are harvested and.next year's 
production will continue at'710 MMT (steady state), then ^ext ye4r there will be 
810 MMT- (7^10 >wf harvested, plus the 100 MMT of 1974' "windf ^11^ harvests) availr 
able for distributioft, ^ Prices will then drop to abofit $80 to $100 per metric 
ton. United States exports will drop from a steady state volume of $18 brllion • 
{initi,allj)_^tfo about $10 billion (after 12 months), witl;i an average annual volume 
of abb^ut^ $14 billion; this adjustment leads to a benefit next year (1975) tp 
consumers, albeit smaill^r than this year'sJ^Pst, (See Figure I.). The total 
soci^al net ioss^.due to. this present lack of information about what might happen 
two months hence is about $8 billion worldwide, the total U.S. domestic loss is 
about $2 bi;^l iron (about 1/4. of .the $^8 billion), and losses due to U.S. export 
decis^jLori uncertainties about $3.2 billion.* Total^U.S. losses could be as high 
as $5.2 "billion. The timely use of Vfe\S information i^ a. necessary condition if 
these losses are to be avoided. 



Case 2 (Likely Gains) . 

: "The originally expected world food grain crop for 1974 was 710 MMT.* The 
total uncertainty in the expected harvest^ however, >ra^ about 100 MMT (see Case 1) . 

The remote sensing Systems ndw being considered will ,npt eliminate all of " 
thi-s uncertfLintjf , even.wi^h a. considerable investment in new technology, ^d ^v^n » 
a^ter 10 to 15 years of oper^ioDj^l systems tise. A qpnsidered judgjient for 
pui^ose^ of this^ exposition is that a 23^pi^cent reduction in the total " 
uncertainty is reasonable by 1990 for worldwide food crop J\arvest measurementTs , 
I.e., a reduction from lOO^MMT to 75 MMT. ' ' 

This 25-percent ^reduction in uncertainty is* depicted in Figure II, with the 
economic gains fr^dm thi^ reductioh indicated, by the hatched area. 'The reader .will 



'*A11 quantit^itive estimates given here are leased on analyses of the U^S. agricul- 
.V ture sector, applied worldwide. . ^ . • . ' 
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notice that a 25-percent reduction in uncertainty lea^s^tcu-alfeu^^SlVperceii T)f 
the .total benefits attribut^tble to perfect ^rirfoxmfi.ticm/ . Th^ improvements to bq^ ^ 
^* brought 'about by remote sensing teChnO'LDgy in' t^^".n^i)C!: 10 t-o 15 years Will make ' 
the mbst important potential contribution^ jwhile {s^jtovements beyond the assumed 
1996 level of crop information tferhno\<>gy Will Ifess b^nefipial. There are 
decreasing e«oJiomic returns to %rther incraiteTital' improvements. 

Figure II. depicts i^ith price elasticity is.i)f June, 1974 ^— the likely ( 
. ^ .reactions. of world food grain markers Sia^the total-*expected net loss to society 
as a result of 'this reduction, in uncertaitj^.. The total net, worldwide gain .from 
this improvement is about $4 billion offwhich $1 'billion is the total net domestic 
^ , UnitQd States gain. United States' export decisions' wouid now range between \^-. 
$12 billion, With likely U.S.. .gains 'firom this reduction in uncerta?.nty of 
$K6 billion. Total potential U.S. gains due to this reduction in uncertainty are 
^ ' about,.$2.6 billion ($1^ billion U.S. domestic gains, $1.6 billion gains from 

improved exfDrf decisions). i '•. , * . . ^' • 

" Again, all of these, numbers are initial estimates. Firmer estimates for 
cases in R5D policy decisions will require considerable empirical wopk in some- 
areas even-adVanoes in the state-of-the-art' in economics. But such measurements ' 
are indeed .possible. 

Extension .to WAS Information Benefits " . . • ' 

^ hid.'2 describe the situation of July 1, 1974, about 2 months before 
final Northern Hemisphere crop harvests. Uncertainties, intact, exist throtigh- 
out the ert)p year, in both €he Northern and Southern Hemispheres. With food grain * 
inventori^ depleted, the unceortainties throughout the crop year ^re probably 
'bfest des<;ribed by Case 1 results. All of WAS information (by remote s'ensing such 
as ERTS, EOS, SEOS, NIMBU^, SMS, SEASAT) on a weekiy basis throughout the world, 
taking cloud coiner into actount '(for cloud cover-sensitdve .systems like ERTS), may 
lead to only 5 50 percent reduction in existing uncertainties. .. .Therefore, the ^ » 

^^^^ estimates of Cgse 2 (2 months) also represent likely mini- 
- • mum gains from WAS. Added to this estimate should be e.xpected gains iu production 
(we estimate about 1/4 of ^ distribution benefits) of about $800 million, for a * - 
Jotal net valtieT ad^ed assessment of: WAS as shown in Table Is. - ' ' 



Distribution • 

-£xj)0]a/iiiport>'^. 



^ Produc^on 



\ 



Unite^States . \ 
$i,0,biUion . ^ 

~ 1*6 billion . ^ 

\ .8 billion 

^•$3.4- ^llion 



rfbrld 



$4.0 billion 

iarg^e 

3.2 billion 

^ f 

$7,2 billion plus 



TABLE I . POSSIBLEJ.ANNUAL GALVS FRa<l WAS 
OVER- PRESENT "iNFdRMAtlON STATE 



A- 6 



ERIC 



56 . . ^. 



Implications of Result? ip Space Applications Prqgrain 

Cfdnsideriiig U.S. benefits only of Table I, the 1974 present value of an' 
operational WAS program^tfrom 1990 pnward (infinite horizon)* at 10 percent dis- 
count, is $8.4 billion total. (The 199(^ valug of $3.4 bilUon annually froia 
'thence forth is approximately $54 billion which discounts to $8.4 billion in 
^1974.) To realize these benefits, and provide for basic costs, cost uncertain- 
ties and overruns, a research, development, 'demonstration, and implementation " 
program, as shown in Table II would be "allowable." 



1975-79 , 1980-84 1985-90 1990 on 

^ R§D Transitional Operational 



Annual Budget S200 million $400 million , $800 million 



Total budget for 
years. indicated 



$1 billion , $2 billion 



.$4 billion 



$200 millioi? 
per year 



TABLE II^MAXIMIW ALLOWABLE WAS R&D, TRANSITIONAL 
AND OPERATIONAL PHASE (X)STS 

' • ' - • 

The present val-ue of the WAS R§D, .transitional and operational phase inv^t- 

ment cost (again, with infinite horizon from 1990 onward) is $4.2 billion at 

10 percent discount. Figure III shows the ,t6lal "allowable" WAS program life 

cycle costs and benefits- (U.S. only). The WAS investment, seen iA this context, 

would, ret-urn, after allowing for a 10 "percent discount rate, $2 for eVery 

K ?f"?JL f ! r ^^"^^i^s to the United States only, and much .more ifWAS can 
be develo|)ed for \ lowfer cost. , ' ■ 



Major Tasks .for* In-Dep.th Analysis " " , . 

There exist overl^ping user needs and space system requirements between 
e Agriculture, Forest, and Range, Land Use, Extractable Resources, Weather 
and Clinate, and Environmental Quality Panels of the 1974 Space ^teplications 
£t>tud>^ An integrated investment study of agricultural earth resources surveying 
programs , from space'is clearly caUed ^or. The term- "integrated investment 
stuo)-' IS mea^t to iitclude the . use of all available, and potentially conceivable, 
remote sensing systems from space, analyzed toward achieving one common overall- 
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goal, for example, a 1990 operational worldwicje weekly agricultural survey capa- 
bility. The coii5)onents of such a total investment analysis ar«: 

♦ 

Measurement of Likely Benefits of an Operational Integrated System : All 
available tools of economic analysis, such as market research approaches as well 
as^ economic analysis and estimation techniques, have to be brought to bear on - 
this part of the problem, requiring experience, imagination, and improvisation, 
where necessary. New econometric models of the agricdiltural sector do not yet 
exist and have to be developed, tested, and estimated. These models must specif- 
ically be suited for measuring the value of more timely and more accurate infox- 
nation derived from remote sensing. This is a research effort of some magnitude. 

Production* effects, distribution effects, and world trade effects each need 
separate analysis. Also, as the integrated systems definition progresses, the 
detail of economic analysis can expand and aid in the technical systems defini- 
tion and trade— off 'studies. 

Determination of "Maximum Allowable" Research., Development^ Investment and 
Operations Costs of An Integrated System : The part of the analysis concerned 
with maximum allowable costs translates the expected future benefits oL.ah opera- 
tional system into upper boundaries to the totai national program budgets jieeded 
to bring about an operational WAS system. ' It is within th^e budget constraints 
that the total integrated system has to be designed, developed, deployed and 
operated. (See Figure III.) 

Determination of Most Economical (Effective) Integrated Systems Within 
Imposed Budget Constraints : The satellites ERTS^ EOS, SE8S, NIhfBUS, SMS, to 
mention a few, all have to be examined, system by system and later subsystem by 
iiibsystem, as to their relative contribution and-werit to the overall program 
goais within the imposed budget limits. Again, many tools of economic-investment 
and pperations-research analysis exist to do .this demanding part of the analysis. 

Requirements : "In any one of the above three parts of an integrated agricul- 
tural earth resources survey analysis, close cooperation with the Office of - 
Management and Budget (OMB) is desired, particularly in the initial pr9gram study 
phases. Ground rules should be agreed t^n; techniques re\\iewed^ and where 
necessary, the OMB as well as the federal agencies invoked. should bfe open to a 
redef ignition of the approach and the ground rules. 1 ' " • - ^ ^' , = 

Important instirUtional questions need study and resolution in paralleSl ^ith 
the technical and economic analysis pf this application potential. I 

Review of WAS Benefits / ^ . ^ 



^ The July 1,-1974, worldwide agricultural food gr^n crop situation is taken 
a3 Ae baseline for the estimatesT Of an originally expected 710 MMT world food 
graifl" crop, about. 100 MNfT are now growing in high risk areas: ^ North America 
(lUy to .95°W and 45°N to 55^N), USSR (65^£ to 90^E and 45^1* to 57^N), ^^China' 
(llO^E to^20''E and 40''K %o 52''N) ancf the* Indian^Subccntinent. Kith a' 700 MOT 
world crop, we estimate l^frfTjt'o be worth $160 million^vith a 600 MMT world 
crop, we^estimate 1 MMT to be worth ^out $300 'mil lion. Gains from a 1990 WAS 
system are estimated in Table I. . . " . 
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The rationale. for production benefits ^"s the interaction Between more accu- 
rate, early price information uith acreage allotment, plowing, growing and har- 
vesting ^decisions. {No institutionaf innovation is assumed here.) The rationale 
for import-export benefits is a combination of distribution production benefits 
in international trade. 

The present valtSe in 1974 of these ^inual benefits to the IhS. f^om 1990 to 
an infinite horizon is, at a 10 percent -discount rate, $8.4 billion. These Bene- 
fits will be realised only by drawing on a whole range of space systems -- rather 
than any one sinfele spacecraft system — such as ERTS, EOS, SEOS, S^lS, and NiNlBUS. 

' In relating the benefits to the transitional, and operational phase 

costs, the term ''maximum allowable'' costs is used. This term denotes the upper 
limit of expenditure levels based on the est?imated benefits. These figures are 
not an estimate of costs. ^ , 

A maximum allowable R§D, transitional, and operational phase budget' is 
developed, with allowable R§D phase costs of $200 million per year from 1975 .to • 
19''9, S400 million a year from 1980 to 1984, maximum allowable transitional phase 
costs of $800 million a year from 1985 to 1989, and systems operational costs of 
$200 million a year from 1990 to infinity. The present value of these maximum 
allowable costs is $4.2 billion. ^ • ^ . 

On ever>' $1 invested, $2 would be returned after discounting benefits and 
costs at 10 percent. The -benefits include U,S. benefits only. ^ 

An in-depth systems and economic study of such a program is recommended, 
iJiAS would consist of an integrated use af systems like ERTS,*EOS, SEOS, NIMBUS, 
SNB and would use tfie Tracking and Data Relay Satellite fox real time communica- 
tions, # ^ ^ 

Th^ allowable R§b and transitional cos^s can be considered maximum allowable 
bi^dget limits to U'.S/ space applications activities for broad agricultural uses. 

Further study should include: 

Investigation of the private gains (above social gains not 
^ included here) to be accrued through the ei^j^lusive use of WAS 

information. ^ '7 ^ . 

Analysis, similar^to that used for U.S. benefits, of the effects 
of improved information .on world trade. Two cases should be 



analyzed^ (1) WAS ijiformaxion made available to all countries, 
(2^ WAS information available only to the United States. 

« • 

Definition of the ranges of^ social and private gains, which ^ 
* • vary substantially, depending on how and to whom WAS informa- 

tion is made available. 

i • • 

^ All of tw? identified are^s and sources of social aKid private gaiih need 
empirical work; i,e., the facts h^ve to be, checked and verified through quantita- 
tive, econometric work over 12 to 24 months, in parallel with an integrated 
systems engineering study of user technical needs. 
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APPENDIX B 

USE OF SATELLITE DATA ON THE ALAStfAN OIL MARINE LINK* 
I. Introduction 

Oil must be carried by tanked from one poxt of origin at Valdez, 
Alaska, to three ports of 'destinatiqa on the west* coast of the 
Un.ited States (since the final designation of ports has yet to be 
matde, they were assumed for this study tp be the ports of Juan d« 
Fuca at Seattle; Co^s Ba// Oregon; and Santa Barbara, Califor,nia) 
to complete the link betweeti the Northern Slopes' field .and the U.S. 
consumers. There will initially be 13 tankers de4icatejd to d-yliver- 
ing thiis ^il. Oil will flow into Valdez from the Northern Slopes of 
Alaslra at the rate of ,1,200,000 barrels per day. Both the number of 
tankers (13) and the production of oil in Valdez (1,2000,000 b^frels 

i 

per .day) , will be increased in Subsequent phases. 

There will be storage capacity to serve as buffers in tJte pxo- 
duction'and 'distribution process. The storage tanks will, be. located 
at Valdez as well as at the three west coast ports. This marine 
link is illustrated in Figure I. . • ' 

Using more timely satellite forecasts may impact on the 
operation of this link." in several ways. An accurate weather' and 



♦This appendix is based 09 work done by William E. Steele, ECOn! Inc.. for the 
National Aeronautics and Spac^* Administration. . * , o 
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Figure I Overview of Alaskan^Oil Marine Link ' 

ocean conditions forecast may prevent a ship from .leaving .port 
and s&iling into *a gtorm. The tanker can remain in port if the 
storm is brief and intense or it can sail out and make an imme- 

diate diversion to avoid the storm. A' shi^ in stormy weather 

\ . . . . 

.a 

must 'cut its speed, sometimes' by as much as fifty percent. In 
addition to the time lo^s, 'th*e prsobability of damage, loss of 
life and oil spill through grounding or collision inpreases* 

Alao, when a ship is. at sea, a timely and accurate 
weather and ocean conditions , forecast may permit alternatives 
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in routing that will enable it to by-pass the storm. This xnaneu- 
ver is somewhat limited on the Alaskan run. The basic route hugs 
the coast and adjustments can only be made by heading otit to sea. 
*There is, thus; little if any time say^Lng by this particular 
action. But, of course/ thf weather damage of the storm is still 
avoided in this ins-tance. in addition to this maneuver, if con- 
ditions are 'improving, the' tanker may be sent on a more 
direct route which was initially stormy. This gains time and 
.fuel and avoids weather damage.'' Thus, the benefits of routing are 
threefold. First, it saves time and the operating costs associated 
with the time saving, principally labor costs. Second, it saves 
fuel because the tankers spend less time at sea and mainta^in a 
more steady and efficient speed during that t^me. 'And third, 
it lessens weather .damag'e. '. - . _ 

■ Besides better weather and- 9cea,n conditions forecasts, 

the oil shipment costs will be affected by the utilization of 
the various type tankers to the different ports. This is because 
the tanker types vary in their cost of delivery per barrel and ' 
because the ports are not equidistant. ' It was necessary that any ' 
benefits- model be'able to disting-yiish between cost savings arising 
from better weather forecasts or from better utilization. 

A mathematical model was 'developed to permit analysis^of 
the utilization problem and to .allow for the impact of better 
weather and oceah conditions information. By a systematic 



simulation procedure with the model it v^as possible to' separate 
the influences of utilization from^ "weather forecasting* ' The • 
t model wasj kept general enough to a^ply, to any marine transport" 
link system with pne origin, multiple destinations, a .dedicated, 
fleet of ships of varying capacities, and storage capability *at 

4 

the origin and^ destinations . * 

II.' - The Model . r , ^ 

The basic cost parameter on which the model is bui^t is 

the cost of shipment per barrel. The cost: of shipping a barrel , 
;of oil depends on iAie size of the tanker, thd time of the year, 

ar\d the port of destination to vhich it is to be shipped. This 
ermay be expressed as V ' , 



a. = a. X - 
.13k 13k 3 



where 



a = cost of shipping one barrel of oil. (^/barrel) 
X * the capacity of the tanker (barrels/shipload) 
a = cost of a full tanker delivery ($/shipload) 
i = time period ^ ' * ' 

•j tanker type • " > 

♦ k = destination 
which is the cost O-f shipping one shipload of <^X1 in* period i by 
tanker type j to destination k, • . = ^ / * ' ^ » 

• if satellite infoirmajtion ;i)roves beneficial, a perx:ent;age 
decrease any period i in ^h^ cost^of shipping^'a barrel of oiX 



of the magnitude of 6. should be expected. . Multiplying both 

sides by (176^) , we-^yet the new cost of a full tanker delivery 
as ' , * * • • , . 

• * 

Beside's this cost of delivering a tanker filled with oil, 
the marine decision must consider the storage capacity and the 
associated costs at both encis of' the marine link. For example, j 
if costs of shipping are expected to be especially. high in the ^ 
next period due to bad ocean conditions, shipments in that period 
may be suspen'ded in favor of increased shipments in the 
plresent period, increased storage at the destination in the 
given per-fced and increased shipments in the' subsequent run. 
general, trade-off can be made amongst shipments, storage at the 
prigin and storage. at the destination and among the various size 
tankers. For the sake of simplicity it will be assumed that 
there is not significant O'scillation in the storage of oil 
in a single time period. Storage either\increases' or decreases 
lxne*a3rly in a given peri^od. Further, it is assumed tliat* there 
is a part of the operating cost of the storage operation whicli 
IS Irriearly proportional to the amount of oil in storage.^, This 



leads to a. cost minitlBjjktion objective function- of i^e form 



t m n ' 
C=Z Z E (1-<S: 
i=l j=l k=l ^ 




t ' n 



i=l • k=l 



) a. X. .,■ + E 6. /y' + Y \ 

ijk iDk i(_A___ij:iI 

ik' ^ ^ik ^ ^i-l.k j ' tl.l) 
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where • / ' * .r- 

C = total 'Co^st Of marihe link for period 1 to t ' * 

(^/periods t6 t)- - . ■ 

. . ♦ * ^ . . 

^iik ^ number-. of shiploads in •-period i of taixkex iype 

j- shipped to destination k-. (# of shiploads/period). 

P 

= number of barre^is of oil in. storage at the end 
of period i at the origin (barrels) 

3^ = cost of storing one barrel byer peiod/i .at the 
^ origin per barrel/pferidd) ' </j ' 

"^ik ~ cost of stof-ing one barrel over period i at 
destination k ($ per barrel/period) 

t f= number of periods of analysis 

m = number of types of tankers, classified by * . 
capacity * 

n s= number of destinations 

subject to all X, Y, and Z > 0. 

It Wight be noted, that X, and Z are; n«t expressed in 
J:he sam'e 'basic unit, i.ec, a barrel.. Since compressing X in 
barrels does not give meaningful figures, the barrel capacity -per 
shipload, X, was separated .from the number of shiploads, X, as 
"indicated above. The variable X is interpreted as the number 
of shiploads hereafter. The same procedure must be observed in 
the constraints when expressing barirel^S^s^^ipped . There ^re five 
csets of constraints . to be imposed. These apply to. production, 
requirements^ shipping'/ storage at the origin, and storage a£ 
the destination. \' ' ^ \ . 

■ \ 

. • The amount produced each period- Hiiuqt either be shipped ^ 

" ^ \ ' • " • 

out or added to .the storage erf the pxeyiobs period 

... ' ' i > • 
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m n 



or 



m n 



j . k 



where 



fi ^ number of barrels produced in period i (barrels/ 
period) ■ »" 

The amount required, kt each .destination each period, must 
be obtained from what was shipped th^t period or by^c^ing down 
on storage. • . / . 

• „ . . ■ • . . - ' : 



where 



number of barrels . required in pferiod i in 

destination (barrels/period) 

• • ^ \ 

Another constra^int which must" be inip{:;^.ed i.s thai; the 

number of trips which can be. made by a' given fleet' i-s iimited, 

essentially ^b^ t.he finitje speed of the ^hli)s/ Sxippose 1:he X.. 

% » ' • ' i j )c 

is the ifiaximum number of trips which can be Inade'^by all tankei:s ^ 

in class -j .to destination k in period i, .asC^ujning that the ^fcanVefs 

experience average.--delays *due to weather. Further , 'define : 

M 

'*^jk^ thynumber of tankers in class j going ' • 
" to k each period* ' * ' ' 

_ r- r 

^ik ~ ^ifk maxifoum number of trips. whlqjEi can 

b/ nB.de in period i by any tanker going 

. ' jk to destination *k'(tankerfe^ .regsrrdless of.' 
^ . . size, find it efficient to maintain a speed 

'Of approximately 16 knots). / . , * 



^^7 
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b. = Z b the total number of ships of type j 

. in ine fleet*.(suia over k) *- \ . , ^ J 

= the maximum numl?er ^of trips which can be made 
by one ship to k with no weather delays in 
* period i, * ■ ' * , * * 

d ' ^ * • 

0/= 1 -* ik the fractional decrease in number 

• drj^ of trips possible due tp' w^Sither • 

delays; assumed independent of 

destination-. 



Clearly, ,fhen^ ijk 



< 1 



^ijk = ^/-= ^jk^ik ^^^^^^ -Z^. lb. ,^.(1-9..). . 

Summi'^g oyer all destirfations, , we find the^ final form of the ^ 

cbnstraint; ' * ' * . . ^ ' ' 

V ' n X . . ' . ► * • ' > 

*S < (1-0.) .b. ' ' . (1.40 

k=l ^k " - . 

» " ' ■ • ^ . ^. 

Fq^ the' storage/ constraint &t the oi^igin, we have. ^ * 

. ; I' .X.-'^ S.I .for. ail -i - • . (1..5) 

-■' . f ^. 1 ' . • . . --o ■' ' . . . 

■I • - ! . ■ - ■ . . • / 

• •• ■ ■ ■. ; r . » J 

where . . ' ' . . * " ^ / 

Sr^ = Storage capacity at the origin ifi period i '* 
/barrels/period) ; ^ . * 

Initial an^<^l:hal yearly constraints aire ^dded to n:ke'se' "/ 



sforage constraints 



y = S and .Y^ *= - • • " 

i o o ' * t . t . ^ ■ 

I , . * \ ' , 

This will add one var,iable, Y , to the 'objective function. 

^ . o ■ I. , ^ • 

In 'analog'ouV manner, the * constraints oh storage atjeach' 
destination areli ■ ' • • • • 

\^ik*^ d].'j^ for all. i,. k^ ' (1.6) . \ 
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where 

= Storage capacity, in period i^at destination • 
k (barrels/period) ; • . _ ' ' „ 

^ . When the initializing toristraint^ are imposed n 
variables, 2.^^, are added to the objective funcfion.' 

Thus, the sta-teiaent 9k 'the linear programming problem- 
is comp^'ete. The objective fun^rtion is (I.D^with' 

# of variables =' 1+n+t [l+*n ( 1+m) ] and 

five sets, of constraints., ' (1.2)'., (1 . 3) , "(l . 4^ , (1.5) and" ^ ' 
(1.6) which yield • * • ' 

# o.f equations = l+n+t( 2+2n+m) 

^ The number of egiiations is -further restricted , to be less 

than th^ number of Vari*S£>les . This means that:' 

^ • . n+1 ■ ■ ■ ' 

- m > , 'V c ^ 

»••■.." 

or .n"> 24 . . .\ ' " - \ 

* • ' ^ m--l ' • 

And^inally we "must add the non-negativity 'constraint? 
. — V - ^ - - *- 

I.e.., alX X, Y, and Z > 0. ■. j ' , 

Tie full restatement pf t;h^ resulting lifiear .prograiniaing 

•problem is presented in '?^bles I and 11^ " 

Use and Economic Interpretation of the Model » 

The linear* programming model discussed in the p^vious ■ 

two sections -en-ables us to measure the decreased cost of the . 

Alaskan oil marine link.^hen-'there is improVeji utilization of ' 
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^ AUtkftn ^11 M^|^« Link Kod«l / 



c 



SMd'j«Ct to 



prodQctlon conttralntr ^ 



^ ^3 *l3k * ?4-l.k • *ik " *ik for all 1. k (/s) 



tblppln9 con«trilntt 

t < (I.e.) b. for all.i:, i ' 

k-1 ^i)^ 



< (l-e^> for all.i:, 3 . , (1.4; 



stor«9t MA. orl9ln conttrftlnts 



1 ^or *I1 1 (-1.5, 



and 



^ storags at destinations con»tr«lntt 

*^k 1 »lt ^ ^ 

• ♦ - 

, X, r, X all > 0, . 

• of «^atlons < t of TArlabXAS. 

« 



'shaps and improved weather forecafeting. How does this translate 
♦ 

in.to benefits? How lauch of the decrease, in cost is due to 

* ♦ * - 

weather forecasting and how nuch is due to Better utilization?' 

. ' \ 

This section answers, these questions^^ * - . 

F,irst,'*we must answer the more basic question. What 
is the value- ^f the Alaskan oil initially? Ho answer this we 
look at-the supply and demand curves involved. The present, 
world supply and^ demand for oil without Alaska look^ something 

' . • . * ^- B-10 
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Table XI l>eflnitic«5 for Equ*tiofi in T*bl« I 



Coefficients 
s 

• i - tioe period '(t - total nurber of tine pe<r^ods) 

) - tifiker -type (a - total nunber of tanker «types) ^ ^» 

k - destination (n - total nunber of destinations) , 

- percentage decrease In cost of shiRJlng a barrel of oil in pertod i (%) 

°ijk^' ^' * tanker delivery in period i by* tanker type J to destlnatl^ k CS/shipXoad) 
' - oi storing one barrel at the origiri over tir>c period i .«$ per barrel/period) 

- cost of storin., one barrel at destination, k over t±ae period i ($ per barrel/period) 

» 

- thr capa6ity of t a n k e r type 3 (barrel s/ship^load) 

^ij^ - the naxi r rja ntssber of trips which can be aade in fieriod i by ore tanker type 3 (• of trips) ' 
9^ - the fractional decrease in miaber of trips possible due to weather delays in period i \\\ 
b^ - the nusber of type j tankers in the fleet, (t of tankers) * 

Variables • , ' ■ ' 

C - total cost of marine link for periods 1 to t (5) 

'^ijk ' ®' Shiploads in period i delivered by tanker type J to destination k (• of shiploads) 

• wabcr of barrels of oil in storage at the origin at the end of period i (barrels) 
^tk " barrels of oil in storage at destination k At* the eni of period 1 (barrels) 

P - misber of barrels produced in period i (barrels) 
\k " ~«*>«r of barrels required at destination k in period 1 (barrels) 

- storage capacity at the origin in period 1 -(barrels) 

- storage capacity at destination k in period i (barrels) 



like Figure II where is the worlS supply curve ^nd d'' 

o 

the world demand "curve . 'Before the Alaskan oil is available, • 

the world 'price, is and the quantity supplied is q". We are 

o 

assuming that the world demand^is inelastic aniS the world supplj*'' 
is more elastic as "drawn. (Th6 Hudson-Jorgenson model of oil 
demand Estimates the ■ elasticity of^feand for oil to' be -.15, 
while tlt^ "Erikson-Spann econometric model finds the elasticity 
of supply for oil^o be +.85-. See Ade^an [2, p. 29 knd p. 34, 
respectively].) 
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When Alaskan oil becomes available, it will ^Ipe available 

at a signif ican'tly lower price but not in sufficient quantity to 

satisfy the D^S. demand* Therefore, the Alaskan oil will be 

fully consumed and there will be a corresponding shift downward 

in the world demand curve, as pictured above, to D^v- Since 

thd Alaskan oil is earmarked for U.S. taarkets and since there 

will be at least implicit price control, two markets will 

develop , eaQfi with its ^wn supply and d'^mand and price. 

In the world market ,* exclusive of Alaskan qil', the quantity 

demanded will drop back by the amount of oil supplied from the 

♦ « 

' • W* ' 

Alaskan fields to q^. But at thijs point t:.he available supply* 



J, 



exceeds the world demand and there will be some downward pressure 



on price* T"his will in4uce the quantity 



demanded to increase 



w' 



beyond q and the dropping price will not draw forth the pre- 

W • * 

vious supply of q . The new equilibrium point will be 'price 

w w • • 

p and quantity q . 



($ /barrel) 




lui (f of bxrreU) 



^^igure II World Supply and Demand for Oil 
. • (Ex^cTuding Alaskan Oil J 
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■ The supply and demand for Alaskan oil ^can be 

illustrated as in-Figure ITJ . 

• . 1 ' 

Assuming q.^ is the^ maximum' amount of Alaskan oil 

which can be brought into the U:,S. market fr^m Alaska each year 
(i.e., the supply curve becomes vertical -at q^) , we would find 
that the demand would 'be insatiable, i.e., the demand durve 
would be horizont/al as presented. 

The consumers were initially consuming qua'ntity q^ 

at price. p^. We know 
o 

' ' a w ; w ' 

^1 = 

So, the consumers are obtaining - extra oil, 

,w 'w' a w' w. w» 



($ /barrel) 




SUPPLY 



(# of |>arreU) 



($/barreI) _ . 

- DEMAND 



p? 



(I of barrels) 



Figure III Supply and Demand for Alaskan OiA 
The^onsuuters are consuming and q^ at prices p^ ^ 



and p , respectively. 
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In- conclusion/' we see the consumers are paying lower * 



prices and getting more oil. This benefit*^s represented by 
the sum of^ the shaded areas in the two diagrams above and it 
is the consumer's surplus. 

We derive this benefit mathematically as follows:^ 
a w a 

B, = X «(/p - p, ) = A direct benefit. • . 

1 ^1 o 1 • • 



Assuming linear supply and demand curves and 'know- 



ledge of the elasticity, of supply (e^) / elasticity of 



WW W ' w 

demand (£,)/ p / q / aijd q (from q 
. a ' o o *o • o 



w s 
q^ - q^) we have two 



equations 



w w 



W' 



w • 

^o - 



€ = 

s 



w 



w 



and 



'q. 



w ' 



w w 



w 



w 



WW 

«vjith two unknowns, p , q . Simultaneous solution of thes^ 



, two equations yields the equilii>rium values 



^1 - Po 



w 



w' 



1 + 



w' w 

q - e q 

d ^o s ^o 



w 
^1 • 



WW' 

q^ q^' (e^ - 

o o s a 



w " -w ' 

s - d o 



/ 
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We thej^i have * • * 

S = (p -p^) K • = A direct benefit' 

and 

w w *w w ' 

= (p^-p, ) x-(q -q ) X n/2 = 'The induced benefit 

and finally 

B = B +B +B Total benefit of Alaskan oil= 

^ I ' shaded area 

We haye completed* our discussion of the benefits* 
of Alaskan oil and are now in a position to estimate the impact 
of weather forecasting. In general, better weather forecasting 
can be expected to increase B directly,, but it will .impact oa 

B and B imperceptibly.. We will focus on the increase in B 

_ ^ ^ . .1 

and ignore the negligible changes in B and B ; * . 

/ ,,23-. 

"There are two outputs" from -the Linear programfaing 

model- which are of particular importance to us.* These ar^ th^ 

total cost^ C, and the sum of the requirements met in each 

' r r 

pariod 1 at each port k, ^ ^ K^^. Both of these are. a function 
o:f how weath.er forecasting impacts cTn the percentage change * . * 
in the cost of* shipping a. barrel .of oil,, 6, and the percentage - 
change in the number of . trips a given .type tanker can achieve,^ 
Q. That is 

Ac = f(6,e) 
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In regard to* the -,R., / we^ should take note of the 

_ik ik 

fact' that the requirements met may be Jes^ than what is produced 
because the sl\ipping capacity is insufficient.;' In this case, 
additional oil may be supjjlied to U.S. consumers by tlje use of 
satellite weather information to route the tankers^, around storms 

.\ ■ ■ 

and high seas. When the shipping capacity is already sufficient 
to deliver ±he full production of, oil, the only benefit tOk be^ 
realized is a decrease in the cost of supplying the oil and in t 
subsequent price to the consumer. We may illustrate these 1:wo 
exhaustive possibilities as in Figure IV. 

In case a) the shipping capacity was* already 
sufficient when weather* forecasting was introduced, so • 

the .oi^ly impact loj/er price far the consumer. In case 

^ a 

b) , we see that the sifjjply curve was at and the quantity ' 

* a ' 

deliver^sd to the consumex w^s q^* After weather forecasting 

a w 

IS introduced, we move to S.^ and q^ and the benefits of extra 

4 4 • . 



($ /barrel) 



q* (# o£ barxjejs) 



Case a) 



(^/barrel) 



-1 m^l 



of barrels) 



Case b) 



Figure IV Benefit of Satellite Information 
on Alaskan Oil Marine Link 
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oil (the verticcil shaded area in Figure IV, b) is added to 

the benefit of lower cost 
« 

In general, the benefit of satellite weather forecasting 
on the Alaskan marine link is then* given as 



where . 



a 

q 



subject to 



= min of [q^, q^) ' » 



B" = O if > of 
1 *4 *1 



Total Benefit = Ab^=B^+B^. . , -^(1.7) 



^- ■ ■ \ 

. .The t>otal benefits were calculate<^ using^'quatioj^ ' 
(X^7)» 'Since some ben-&f aros^ f rom iye±±^T trtu.li2crtit>n xrf 
tankers, i^t was necessary to proceed systematically to isolate 
the influence of the satellite. (Note: Fixed ^iVization ' refers 
to the utilization scheme ^or tankers defined Jjy AlVeska for 
the Department of the Interior [6]. In this scheme, \each type' 

. / ^ \ 

tanker visits each port a Yixed number of times each ^^ar.) 

We ^define the^ following four cost concept^V 
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Cost I, C CI)' 



Cost II, C(II) 



Cost ill, C(III) 



Cost IV, C(IV) 



calculated assuming fixed 
utilization an-d no satellite 
weather forecasting. The 
baseline case , 

calculated assuming fixed^^ 
utilization with satellite ^ 
weather forecasting 

calculated assuming optimal 
ut^ilization with no satellite 
weather forecasting 

calculated assuming optimal 
utilization with satellite 
weather forecasting 



* Since the 'size of the fleet wfcll be adequate to ' 

transport the full production, the true benefit of satellite • 
weather fort^casting is [C(II)lc(I)] if no optimal utilization • 
.is to be done and the true benefit is tc ( IV) -C (I II ) J if optimal 
utilization will be done. This, assumes tJie cost savings will be 
passed on as lower prices,. Thus we are using equation (1.7), 



IV, 



The Data an d the Results 
^ ? — 



the model problem was solved for three annual^ro- 

a ncfej on levBXs 73.0r 400^ and 240 million bbl/yx. ^^r -2/1, 1, ' 

O'fee million bbl^day, respectively) - the projected annual out- 

puts in 1987, ^92, and 1997, Alaskan Oil £31,' HoweVer, the 

* 

analysis was conducted by looking at only one quarter of the ^• 
year and* breaking it into 10 day periods. Using such a .time 
reference was desi;rable because from an dperatiojtai point of 
view similar weather conditions come in 5^10 day intervals 
ra'ther^ than in mon.1:h to month intervals* Also, the longer the 
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time period considered, the less significant the fixed amount 

« 

of storage becomes compared to the number of barrels to 'be 
shipped, • These levels are based on an assumed total ireserve in 
t*he. North Slope field of 10 billi<$d barrels and are uncertain 
because of uncertainties both in that total reserve and^ in the jl 
rate of consumption, 'The study by the Cabinet Task Force on* jf 
Oil Import Control .in Alaskan Oil [3] indicates that the field I . 
e-f ^'known" reserves will be entirely depleted by the year 2000. 

The ti^e scale has, of course, shifted since 
Alaskan Qir was written in 1970. Current indications &re ' 
that production will begin, in 1977 and reach its peaJc in the ' * 
early 80 's. The production curves in Alaskan Oil , therefore,- 
have been shifted by five years. 

^ The fleSft:^ composition in the Department pf the 
Interior Report [6, p. 6:0] has been adjustVed, Present. pr4>j ectlons 
irtd*cate a fleet of. 13, 22, and. 35 tankers in each of three suc- 
cessive^ ^phases . ^ In 1985\thB operation will be in phase* 3 and the 
35 tinker fleet will be broken doi^n follows: ^ . 
^ Wt. class 'in thousand dea<ivei^ht tons 45 60 70 75 80 90 JL20 130 
# of tankers 1 3 ^2 3 2 2 Ifr 5 

In the 1990'«^when productioi\ levels will be 



dropping it v/as left to the computer program to eliminate the 
appropriate- tankers since' it is obvious that the model Will 



appropriate- tankers since' it is nhvin 
consistently use the more efficient lar.ger tankers when possible 
and will drop from the solution the smallest tanker when it 
becomes expendable. . • ' . 
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^ It was assumed that the oil will be^ shipped to the 

three ports on the West Coast in the proportions projected by 

the Alyeska Pipeline Service Company * (APSC) as quoted inj^OI 

{63, namely;- ' ^ ^' - 

'15% to Juan'^de Fuca ... ' . * ^ ^ * . * ^ 

35% to Coos Bay' " *^ ' 

50% to Santa Barbara • ^ ^ 

« ' * * • * 

. • • 10'0% from Valdez r 

The possibility of shipping tp other points (e.g. Japan, the 

East Coast via P^anama or the North West Passage) was ignored. 

i _ ^ # 

^ Since industry sources indicate storage capacities ^ 

of six to eight days production are desirable, stoJj^ge at th^ 

origin and destinations were assumed* to be seven times the level 

of daily throughput. "^^^-j 

■ Valdez - 14 million (100%) = S ^ ^ 
Juan de Fuca - 2.1 million (15%) = ^ , 

• Coos'Bay - 4.9 miirion (35%) 

Santa Barbara - 7.0 million (50%) = 
— ^ Since *^here are antitrust considerations involved 

it was necessary to have the oil cfomparties pass tlieir estimates 
of the number of tankers they wQUld be purchasing through inde- ' 
pendent a^iditors who^-^hen indicated only' the sums for the 
resulting flieet. This mecins in terms^ of thife n;iode'l that opti- 
mization was donfe with respect tc( the whole ^fleet while individual 
oil companies will be optimizing with respect to their portion 
of the fleet. . Thus, the benefit from better ^fleet utilization 



GO 



will be greater than what might 'actually . be achieved, but fhe ^ 
estimate the extra benefit of satellite ^^/5e>^ condition fore-r 
castinjf inf ormat^ion , which is what must be' quantitified in this 
study/ will be accurate. 

The rela^tion between shipping costs and vessel 
si2;.es taken fr^ Alaskan Oil [3, p.. 72] are 

C^Ass' (dwt ) " Cost '($bbl/10^ miles) 

50 . . M4-.l§<: • ^ ' 

100 ^ .lO-.llv . . 

200 ^ .07-08 

Fitting these by a polynomial //e get the ^rve in 
Figure V. Since these were .world tanker pj-ices they must be 
doubled as recommended in^the reference to reflect the fact 
that only American ships 'will be used. Also, sinpe these were ^. 
1969 prices they must be inflated to 1974 prices. The infla^* / 
tion factor used was 45.6%, derived* from the composite index of 
^constructipn cost^s i^n. the'U.S. Departmeflt of Coml^erce,' s. Survey of 
Current Business. (The cost of th^e tankers' construction is more 
than 50% of all cost3 in the long run, see [6> pp, 5-7],) 

It was further assumed tKat the shipping costs- 
would vary from period to p^iod in roughly the same proportion 
as' tfie average trip time to Juan de Fuca in ea^h month as deter- 
mined by ODS f4, p.[l2]. Th.e costs, therefore, ranged between 
5% above and 4% below. the yearly average cost^ (This is a con- 
servative range since the weather variation between ten day 
periods will be larger than the, average vax^iation from mphth 
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to month.). The assumptipn aflso overcomes the *probleja ,of u'^ifig , 
represerjtative weather figures for the year when* the analysis 
is only done for t>ne quart-ef *ipf the year. * - 

Since the operating cdsts of increasing pf decreas- 

■ - . ^ •* 

ing the birrfels of oil irji storage weti^e found to be, necfligible 
these were assume*d, to be zero. While the m^odel could* -be adapted 
to addressing the question of the cfptimura storage capacity 
investment, this, was not d6jie>. • It was assumed that the industry, 
estimates g*iven were fixed^,^ _ • , 

, • For th^ shipping capacity constx-^int tfte 16.0'Rnots 

■ ^ . . .1 ■ 

speed of the modal ship in the f|.eet, the ^20- If-Klwt tanjcer, was 

r • K ■ 

U3ed to calculate round trips f As&uminig 34 5 days runping time 
and -21 .days .per year for routine maintenance and repair,- 23 hours 
for turnaround timk 1,212 mil^s to*Jua^ ^^^Fuca^S^e 



get a maximum . ^. * . 



345 24 ' ^ . • - 

• •. . 2 ti, 212/16.0) ^-.23 = ^^-^^ round trip .Bir year .-'^ 

or 11.9 rouQd trips per quarter ^of the year /per^ ship. 

' Xt is assume*? by* tiua mod^el ^ha^vt^ maximum round;^ ^ 
trips .to the other two destinations are ^ess in proportion^ to \ 

the distances (which were 1, 452 ^nd ^,028 mil^s, reepectiv.ely) . 

' ■' . ^ ' 

The .fleet can be expected to ma'kB 34.6 rou^id) trips maximum per 

ship over one .year using the weighted* distance to the three ^ 
{>orts according to Ocean Data Systems assumj^tip^S {4J. CI»S?per- 

formed a computer simulation which *a5'ed t anj^er v^eathej: log data 

from 1948' to th6 present and varied the speeds oDf ftie tankers ,in 

accordance with the.wea'ther conditions reporte^^ io the log'-an'd . 



found that 'the weather siinulatea delays oernitted only 29.2 
round tzJips [4]. However, this 15% loss cannot be 'full^y * 

avoided because there will be bad weather at ^11 points' along - 

• I . , . . ' 

the rouf:e occasion^lLy*. Thu^the ma^ximum saving possible ' 

' ^ • ^ *^ ' ' * ' • 

was asstimed conservatively to be. 12% fi.e./ 6,= .12 as an upper 

bound) b'r'4.4 round ttips. ' • 

Folft)\5ing the estirfate of ODS^, it was assumed that 
t^\e iachievaTJle gain in shipping cap^acity qtuf to satellite in- 
formation was 50% (6 = .06) of the tot^l potential capacity 
.gain, i,e-, 2-. 2 ^raund trips ^saving was used. 
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FigureiV Cost of Transporting Oil oh Alaskati 
. Marine iink (f96.9 Dollars) 
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D^ing the cost figures' tn section -5.1 of (5] for 
the 120*K dwt tanker, the time loss o^ 12% (6% when using satellite 
information), the assumption that self insurance is equal to 
paid premiums, and thfe assumption that 30'%'of all damage ds * 
weather related/ we get a maximum' potential cost saving (6) of • 
* Amortization 58.0* , ' ^ 

' OtKer Operating Costs 33.8 x .12 = 4.06% 

- Insuranfce^ - 9.2 x .12 x .30 = 0. 33% \ 

100.0 4.39% 
approximately 4.4% (6 = .044). at maximum' 

It is assumed X)nly half of^thisT also, may J^e c^tured. There- 
for^, 6 = .02^2 when satellite information is lised. 

The simulation procedure of estimating the yearly • 

benefit as tC(IV)^- C(III}J, as presented in the previous 
section, was followed. The undiscounted results ar^ presented 
in Table III. ^ • 

Itjjps assumed tliat benefits coul^' be fully 
captTjired beginning SEASAT's first full ope2;ation x^ar (J98S) 
diie fo the unusual set of factors -which favors this:' / " 

■ 

- 1 • 

• * • all U.S. phips i^required by Jones^Law . T " , 

Qlose ^government supervision and possible 
regulation . 
• _ • * . 

a weather routing procedure already in 
* , ^ operation today 

• ' environmeijtal concern • 
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The program was solved tot 1987, 1993, and 1997 
rest of the fic^ires were interpolated or extrapolated 
ese,. . . . 
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